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ABSTRACT
A STUDY WAS UNDERTAKEN TO DETERMINE THE EFFECT OF CERTAIN MINERAL. 
ELEMENTS IN THE RATION OF GROWING C H IC K S ,  AND I F  DES IRABLE RESULTS 
WERE O B T A IN E D ,  TO ATTEMPT TO DETERMINE AN OPTIMUM RATIO BETWEEN THESE 
ELEMENTS.  CERTAIN ENZYMES, WHICH HAVE BEEN REPORTED TO BE ASSOCIATED 
WITH OR TO CONTAIN SOME OF THESE ELEMENTS WERE S T U D IE D .  \ j  WAS 
DESIR ABLE TO DETERMINE THE EFFECT OF VARIOUS LEVELS OF SUPPLEMENTATION 
OF THESE MINERAL ELEMENTS ON THESE ENZYME SYSTEMS. THE MINERAL ELEMENTS 
INCLUDED MOLYBDENUM, TUNGSTEN, COPPER, INORGANIC SULFUR,  PHOSPHORUS,
AND POTA SS IUM.
T h e r e  wa s  f o u n d  to  b e  a c a r r y - o v e r  o f  t u n g s t e n  f r o m  d a m s  t o  c h i c k s ,
AS THE ELEMENT WAS FOUND IN HIGH CONCENTRATIONS IN KIDNEY T IS SUES OF 
CHICKS FROM TUNGSTATE-SUPPLEMENTED DAMS. T H I S  CONDITION RESULTED IN 
S I G N I F I C A N T  GROWTH DEPRESSIONS FOR AT LEAST FOUR WEEKS. T H I S  CONDITION  
WAS NOT ONLY OVERCOME BUT S I G N I F I C A N T  GA IN  INCREASES WERE O B T A IN E D ,  
COMPARED TO CHICKS FROM NON-SUPPLEMENTED DAMS, WHEN MOLYBDENUM WAS 
ADDED TO THE R A T IO N S ,  T H I S  WAS FOUND BOTH IN P U R I F I E D  AND P RACTIC AL  
RATIONS AND SUGGESTED A S Y N E R G IS T IC  EFFECT BETWEEN MOLYBDENUM AND 
TUNGSTEN IN THE RATIONS OF GROWING C H IC K S .  WHEN CERTAIN RAT IOS OF 
MOLYBDENUM AND TUNGSTEN WERE ADDED TO CHICK RATIONS S I G N I F I C A N T  GA IN  
INCREASES WERE OBTAINED REGARDLESS OF RATION FED OR TREATMENT OF DAMS.
IN RATIONS CONTAIN ING SUPPLEMENTAL LEVELS OF MOLYBDENUM AND TUNGSTEN, 
COPPER AD D IT IO N S WERE FOUND TO S I G N I F I C A N T L Y  IMPROVE THE R A T IO N S .  THE 
SUPPLEMENTAL COPPER CAUSED INCREASES IN GA IN  REGARDLESS OF THE DAM
XI
TREATMENT, ALTHOUGH GREATER GAINS WERE FOUND IN CHICKS FROM TUNGSTATE 
SUPPLEMENTED DAMS. T H I S  SUGGESTS THAT COPPER MIGHT HAVE OVERCOME A 
TUNGSTATE T O X I C I T Y  IN CHICKS DUE TO THE CARRY-OVER OF TUNGSTEN FROM 
THE DAMS OR THAT COPPER MAY ACT SYNERGI ST ICALLY WITH EITHER MOLYBDENUM 
OR TUNGSTEN.
T he  ADD IT ION OF INORGANIC SULFUR TO RATIONS CONTAINING SUPPLE­
MENTAL LEVELS OF MOLYBDENUM, TUNGSTEN, AND COPPER WERE FOUND TO BE 
IMPROVED AS EVIDENCED BY INCREASED GAIN OF CHICKS REGARDLESS OF THE 
DAM TREATMENT. EVIDENCE WAS PRESENTED WHICH SUGGESTS THAT GROWING 
CHICKS MAY HAVE A REQUIREMENT FOR INORGANIC SULFATE PER SE.
NO B E N EF IC IA L  EFFECTS WERE FOUND FROM THE ADDITION OF PHOSPHORUS 
OR POTASSIUM TO RATIONS USED IN THIS STUDY. PHOSPHORUS OR POTASSIUM 
D ID  NOT APPEAR TO BE L I M I T I N G  FACTORS IN THE RATIONS USED.
T he  ADDIT ION OF 5 00  PPM TUNGSTEN TO DIETS OF BREEDER HENS WAS 
FOUND TO CAUSE S I G N I F I C A N T  DEPRESSIONS IN XANTHINE OXIDASE LEVELS OF 
VARIOUS T ISS U ES.  CHICKS FROM THESE DAMS WERE FOUND TO HAVE S I G N I F I ­
CANTLY MORE OF THIS ENZYME THAN D I D  CHICKS FROM NON-SUPPLEMENTED 
BREEDER HENS.
T he  RATE OF URIC ACID SYNTHESIS D I D  NOT APPEAR TO BE RELATED TO 
SUPPLEMENTAL LEVELS OF MOLYBDENUM OR TUNGSTEN IN THE D IE T  OR TO BE 
ASSOCIATED WITH GAIN OR FEED CONVERSION RATES OF CHICKS.
De l e t e r i o u s  e f f e c t s  on  t h e  r a t e  of  g r o w t h  of  c h i c k s  at  h i g h
LEVELS OF SUPPLEMENTATIONS OF MOLYBDENUM, TUNGSTEN, AND COPPER WERE
n o t e d . T h i s  was  a c c o m p a n i e d  b y  h i g h  a l k a l i n e  p h o s p h a t a s e  a c t i v i t y . 
Al k a l i n e  p h o s p h a t a s e  a c t i v i t y  a p p e a r s  to  i n c r e a s e  d r a m a t i c a l l y  d u r i n g
PERIODS OF METABOLIC STRESS.
X I I
INTRODUCTION
T h e  d i s c o v e r y  t h a t  t h e  a s h  o f  c e r t a i n  s o u r c e s  o r  u n i d e n t i f i e d
GROWTH FACTORS CONTAINED SUBSTANCES THAT WOULD IMPROVE THE PERFORMANCE 
OF CHICKENS HAS STIM ULA TED  A RENEWED INTEREST IN THE F I E L D  OF TRACE 
MINERAL N U T R I T I O N .  T h e  TERM 'TRAC E MINERAL® HAS BEEN USED TO APPLY 
TO THOSE MS NEPAL ELEMENTS THAT ARE REQUIRED IN VERY SMALL AMOUNTS 
IN THE R A T I O N .  COMPARATIVELY L I T T L E  RESEARCH HAS BEEN DONE IN T H IS  
VERY IMPORTANT F I E L D .  MANY SUGGESTIONS FROM PLANT STUDIES AND 
ANIMAL STUDIES PROPOSE THAT CERTAIN  INTER -RELA TSONSH I  PS EX IS TS  
BETWEEN SOME OF THESE MINERAL ELEMENTS.
I T  HAS BEEN SUGGESTED THAT MOLYBDENUM I S  A D IETARY REQUIREMENT 
FOR CERTAIN  A N IM A L S .  OTHER REPORTS HAVE STATED THAT T H IS  ELEMENT 
IS  REQUIRED IN CERTAIN ENZYMES, PARTICULARLY IN RATS AND C H IC K S .
St h a s  a l s o  BEEN r e p o r t e d  THAT A D D IT IO N S  o f  MINUTE a m o u n t s  o f  
MOLYBDENUM I N  CHICKS HAS RESULTED I N  IMPROVED PERFORMANCE. HOWEVER, 
HIGHER LEVELS REPORTEDLY RESULT IN TOXIC C O N D IT IO N S.  THESE TOXIC 
CON DITION S HAVE BEEN A L LE V IA T E D  BY A D D IT IO N S  OF COPPER AMD INORGANIC 
SULFUR IN  THE RATIONS OF THESE A N IM A L S .
T h i s  s t u d y  w a s  u n d e r t a k e n  t o  d e t e r m i n e  t h e  e f f e c t  o f  c e r t a i n  o f
THESE MINERAL ELEMENTS IN  THE RATION OF GROWING C H IC K S ,  AND IF 
D ES IR A BL E  RESULTS WERE O B T A IN E D ,  TO ATTEMPT TO DETERMINE AN OPTIMUM 
R A T IO  BETWEEN S I X  OF THESE MINERAL ELEMENTS.  C ERTAIN  ENZYMES, f tHICH 
HAVE BEEN REPORTED TO BE ASSOCIATED WITH OR TO CONTAIN SOME OF THESE
ELEMENTS WERE S T U D IE D .  I T  VMS DES IR ABLE TO DETERMINE THE EFFECT OF
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VARSOUS LEVELS OF SUPPLEMENTATSON OF THESE MINERAL ELEMENTS ON THESE 
ENZYME SYSTEMS. T h e  MINERAL ELEMENTS INCLUDED -8M THIS  STUDY 0£RS 
MOLYBDENUM, TUNGSTEN, COPPER, } MORGAN!C SULFUR, PHOSPHORUS AND 
POTASSIUM.
REVIEW OF LITERATURE 
Mo l y b d e n u m
T h i s  e l e m e n t  was f o u n d  i n  m i n u t e  a m o u n t s  i n  a w i d e  r a n g e  o f  
PLANT AND ANIMAL TISSUES BY TER MEULEN ('1932) BUT MO SP E C IA L  S I G N I F I ­
CANCE WAS THEN ATTACHED TO IT© PRESENCE, I T  WAS LATER SHOWN THAT 
MOLYBDENUM WAS REQUIRED BY NITROGEN F I X I N G  ORGANISMS, INCLUDING THE 
LEGUME SYMBIONT P>H 12GBIUM S P EC IE S ,  AS WELL AS BY A s P E R I G I L L U S  NIGER 
AND SY HIGHER PLANTS (ARNON AMD StOUT, 1 9 3 9 ) .
F e r g u s o n  j e t  a l  (1933) r e p o r t e d  a t o x i c  c o n d i t i o n  i n  m i l k i n g  c a t t l e
ATTRIBUTED TO THE ACTION OF EXCESS MOLYBDENUM. H e STATED THAT 
M I L K  Y IE LDS FELL  R A P I D L Y ,  ACCOMPANIED BY A LOSS IN' CONDITION OF THE 
ANIMALS AND NOT INFREQUENTLY RESULTED IN DEATH, ThIS CONDITION 
ALWAYS APPEARED TO BE MARKED BY EXTREME D IARRHEA.  SHEEP AND OTHER 
CATTLE WERE NOT AS AFFECTED AS WERE THE M I L K I N G  C AT TLE ,  ThERE APPEARED 
TO BE NO APPARENT CORRELATION BETWEEN THE TOTAL H C l - S O L U B L E  MOLYBDENUM 
OF THE S O I L  AND THAT OF THE HERBAGE.
T e r E B I  ET AL (194.2) FOUND THAT GOAT 'S M I L K  WAS LOW IN MOLYBDENUM 
CONTENT (1 3 ,5  MICROGRAMS PER L I T E R , ) ,  R AT S FED GOATs3 M I L K  SUPPLE­
MENTED WITH MOLYBDENUM AS SODIUM MOLYBDATE, D I D  NOT GROW FASTER THAN 
THOSE RECEIV IN G UNSUPPLEMENTED M I L K .  THESE WORKERS STATED THAT ,  IF  
MOLYBDENUM WERE NEEDED BY THE GROWING RAT ,  THE REQUIREMENT WAS 
APPROXIMATELY 0 .5  MICROGRAMS PER DAY.
T h e  u s e  o f  m o l y b d e n u m  i n  t h e  t r e a t m e n t  o f  c h r o n i c  c o p p e r  p o i s o n i n g  
o f  s h e e p  i n  A u s t r a l i a  a r o s e  as a  r e s u l t  o f  an e a r l i e r  o b s e r v a t i o n  o f
UNUSUALLY HIGH CONCENTRATIONS OF MOLYBDENUM IN L IV E R  TISSUE OF CATTLE 
SUFFERING FROM ENZOOTIC HEMATURIA V E 3 I C A L I S  OR "RED WATER” ,  AS REPORTED
by D i c k  and  B u l l  (1945) .  F ro m  t h e s e  i n v e s t i g a t i o n s  a nd  t h o s e  o f  ’’ p e a t  
s c o u r s "  i n  New Z e a l a n d ,  came a r e a l i z a t i o n  o f  t h e  p r o f o u n d  e f f e c t  o f
MOLYBDENUM ON COPPER METABOLISM IN THE RUMINANT AND OF THE DEPENDENCE 
OF TH IS  EFFECT UPON THE INORGANIC SULFATE CONTENT OF THE D IE T  (UNDER­
WOOD 1956).
TmE T O X I C I T Y  OF MOLYBDENUM ( a s  SODIUM MOLVBBATe) IN A P U R IF IE D  
D I E T  WAS STUDIED IN RATS 8Y NeI  LANDS, STRONG, AMD ElVEHUEM ( 1 9 4 8 ) .  A 
LEVEL OF 5 0 0  MILLIGRAMS PER CENT IN  THE D IE T  RESULTED IN DEATH AFTER 
THE F IR ST  WEEK, WHEREAS LEVELS OF 5 0  AND 1 0 0  MILLIGRAMS PER CENT 
GREATLY REDUCED THE GROWTH RATE.  By MEANS OF R AD I O—MO L V BDE MUM ( M o ^ )
AS A TRACER, THE FATE OF A GIVEN DOSE OF MOLYBDENUM WAS DETERMINED.
At  THE END OF TWO DAYS THE KIDNEYS AND BONE CONTAINED SLIGHTLY  
HIGHER LEVELS OF RAD IO A C TIV IT Y  PER GRAM THAN D I D  THE STOMACH AND
i n t e s t i n e .  Ar r i n g t o n  a n d  D a v i s  ( 1 9 5 3 )  r e p o r t e d  t h a t  f e e d i n g  a
COMMERCIAL RATION CONTAINING 0 . 1  PER CENT MOLYBDENUM ( AS SODIUM MOLYB-
d a t e ) to  Du t c h  r a b b i t s  p r o d u c e d  g r o s s  t o x i c  s y m p t o m s .  T h e  t o x i c
SYNDROME WAS CHARAGTERI ZED BY ANOREXIA, LOSS OF WEIGHT, ALOPECIA,  
DERMATOSIS, ANEMIA,  AND DEATH. ! n SOME YOUNG RABBITS A DEFORMITY OF 
THE FRONT LEGS DEVELOPED.
T he  d i s c o v e r y  t h a t  x a n t h i n e  o x i d a s e  i s  a  m o l y b d o f l a v o p r o t e i m
AROSE FROM STUDIES OF DIETARY FACTORS INFLUENCING THE CONCENTRATION OF 
T H I S  ENZYME IN THE L IV E R  OF RATS.  L lV E R  RESIDUES,  SOY FLOUR, AND 
CERTAIN OTHER NATURAL MATERIALS WERE FOUND TO INCREASE THE TISSUE 
LEVEL OF XANTHINE OXIDASE IN RATS FED SYNTHETIC D I E T S .  FRACTIONATION 
OF THESE MATERIALS LED TO THE I D E N T IF IC A T I O N  OF THE ” XANTHINE OXIDASE
FACTOR'* AS MOLYBDENUM. T h I S  WAS THE F I R S T  I N D IC A T IO N  ©F AN ESSENT 8 &L 
ROLE FOR MOLYBDENUM IN  AN IM ALS.  THESE F I N D I N G S  WERE PU B LIS HE D  FROM 
TWO DIFFEREN T LABORATORIES IN  THE SAME YEAR BY De RENZO ET A ^  (1953a ) 
AND RIC HER T AND WgSTERFELD (1953a ).  8T WAS SUGGESTED ( D e  RENZO (1953b )
THAT P U R I F I E D  D I E T S  FOR THE RAT SHOULD INCLUDE A SUPPLEMENT OF 
MOLYBDENUM AT THE RATE OF 4 0  M ILL IG RA MS PER KILOGRAM OF D I E T .  T H I S  
AMOUNT APPEARED TO PRODUCE A "S ATURATION LEVEL5* OF XANTHINE OXIDASE 
IN  RAT I N T E S T I N E .  INTEREST IN THE B IO LO G IC A L  S I G N I F I C A N C E  OF MOLYB­
DENUM RECEIVED A FURTHER STIMULUS FROM THE DEMONSTRATION THAT THIS  
ELEMENT IS  AM INTEGRAL PART OF THE PROSTHETIC GROUP OF TWO FLAVOPROTEIN 
ENZYMES| XANTHINE 0 X I D A 3 E  (D e  RENZO £T  AJ^ 1 9 5 3 a ,  AND RlGHERT AND 
We s t e r f e l d  1 9 5 3 a )  a n d  n i t r o g e n  r e d u c t a s e  ( N i c h o l a s  a n d  Ma s o n  1 9 5 4 ) .
I n s h e e p  a n d  c a t t l e  o n  l o « m o l y b d e n u m  d i e t s  t h e  a v e r a g e  c o n c e n ­
t r a t i o n  OF MOLYBDENUM IN  THE L I V E R  IS  OF THE SAME ORDER OF THAT 
FOUND FOR RATS,  THAT I S ,  TWO TO FOUR PARTS PER M I L L I O N  (HEREAFTER 
DESIGNATED AS PPM) AS REPORTED BY CUNNINGHAM ( 1 9 5 0 ) .  S I M I L A R  LEVELS 
OF MOLYBDENUM OCCUR IN  THE L IV E R S  OF NEWBORN LAMBS,  THUS I N D IC A T IN G  
THAT THERE MAY BE NO STORAGE OF T H I S  ELEMENT DURING PREGNANCY. READY 
PLACENTAL TRANSFER CAN OCCUR, BECAUSE CONCENTRATIONS THREE TO TEN 
T IM ES THESE "NORMAL11 LEVE LS HAVE BEEN FOUND IN THE L IV E R S  OF NEWBORN 
LAMBS RECEIV IN G A HISH-MOILY3DENUM D I E T  ( D l C K  1 9 5 3 a )  ADULT SHEEP AND 
COWS HAVE BEEN FOUND TO R E T A I N  MOLYBDENUM L E V E L S  O f  2 5  TO 3 0  PPM IN 
THEIR  L IV E R S  A© LONG AS THEY ARE S U P PL IED  A MODERATELY HIGH INTAKE OF 
T H I S  ELEMENT.
8m CONTRAST TO IRON AND COPPER, MOLYBDENUM IS  R EA DILY  AMD APPAR­
ENTLY R AP ID LY  ABSORBED FROM THE I N T E S T I N A L  TRACT.  T H I S  AP P L IE S  
E S P E C IA LL Y  TO KEXAYALENT WATER SOLUBLE FORMS OF MOLYBDENUM SUCH AS
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SODIUM OR AMMONIUM M0LY8DATE,  WHICH HAVE ©BEN USED IN MOST EXPERIMENTAL
STUDIES ,  AND TO MOLYBDENUM OF HERBAGE, A HIGH PROPORT HON OF TOSOH, AT 
LEAST IN HIGH MOLYBDENUM PASTURES, IS  WATER SOLUBLE (UNDERWOOD 1 9 5 6 ) ,  
T h e r e  i s  s o m e  e v i d e n c e  t h a t  e v e n  s u c h  i n s o l u b l e  c o m p o u n d s  a s  m o l y b d e n u m
TR IO X ISB  AND CALCIUM MOLYBDATE ARE ALSO READILY ABSORBED IN RABBITS 
AND GUINEA PIGS ©HEN THESE COMPOUNDS ARE FED .  T H I S  DOES NOT APPEAR 
TO BE TRUE FOR MOLYBDENITE (M0S2 )  (F A IR H A L L  £ £  A^  1 9 4 5 ) .
Mo s t  o f  t h e  a v a i l a b l e  e v i d e n c e  i n d i c a t e s  t h a t  m o l y b d e n u m  i s
EXCRETED MAINLY SM THE URIN E.  STUDIES WITH GUINEA P IG S  AND RABBITS 
ADMINISTERED VARIOUS FORMS OF STABLE MOLYBDENUM OVER A SIDE RANGE O f  
DOSES SUPPORT T H IS  HYPOTHESIS (UNDERWOOD 1 9 5 6 ) .  ADDITIONAL SUPPORT COMES 
FROM AN INVESTIGATION ©HIGH RADS OMQL YBDENUM ( M o ^ )  AS NA2M0O4  ©AS 
ADMINISTERED TO A STEER. WHEN GIVEN ORALLY,  ABOUT 3 4  PER SENT O f  THE 
MOLYBDENUM APPEARED IN THE FECES W I T H I N  1 4  DAYS AND 4 5  PER CENT S'AS 
EXCRETED IW THE UR IN E ,  FOLLOWING INTRAVENOUS IN JEC TIO N ,  ABOUT 11 
PER CENT OF THE DOSE WAS FOUND |M I K E  FECES AD© 3 7  PER CENT IN THE 
URINE AFTER S I X  DAYS (CQMAR 1 9 5 0 ) .
A n i m a l  s p e c i e s  a p p e a r  to  v a r y  i n  t h e i p . t o l e r a n c e  to  h i g h  i n t a k e s  
OF MOLYBDENUM AMD IN THE TOXIC SYMPTOMS THAT ARE D ISPLA YED.  CATTLE ARE 
THE LEAST TOLERANT, FOLLOWED BY SHEEP.  HORSES AND P IG S  APPEAR TO BE 
THE MOST TOLERANT, WITH RATS,  R A B B IT S ,  AND GUINEA P IG S  SEEMINGLY 
OCCUPYING AM INTERMEDIATE PO SIT IO N  (UMDERWOOD 1 9 5 6 ) .  THE MINIMUM 
TOXIC DIETARY LEVELS OF MOLYBDENUM CAMMOT BE F I X E D  FOR AMY OF THESE 
SPECIES ON THE BASIS OF PRESENT EVIDENCE BECAUSE OF THE NUMBER OF 
INFLUENCING FACTORS -  SOME KNOWN, SOME S T I L L  UNKNOWN. ACCORDING TO 
F A IR HALL  ET * k  ( 1 9 4 5 )  THE TOLERANCE TO MOLYBDENUM IS AFFECTED BY THE 
CHEMICAL FORM IN  WHICH THE MOLYBDENUM IS ADMINISTERED,  THE COPPER
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CONTAINED SM THE ORGANISM,  COPPER INTAKE OF THE AN IM AL *  AND THE 
INORGANIC SULFATE IN THE D I E T  (E S P E C IA L L Y  FOR SHEEP') * THE LEVEL OF 
INTAKE OF OTHER METALS INCLUDING Z IN C  AND LEAD AS WELL AS THE INTAKE 
OF METHIONINE MAY ALSO HAVE AN EFFECT* S I M I L A R  EVIDENCE HAS ALSO BEEN 
PRESENTED BY GRAY AND E L L I S  (1 9 5 0 ) .
T h a t  t h e  a d d i t i o n  o f  0 .1 2 6  p p m . m o l y b d e n u m ,  a s  s o d i u m  m o l y b d a t e ,
TO A P U R I F I E D  D I E T  INCREASED THE GROWTH OF MOLYBDENUM DEPLETED CHICKS 
10 TO 18 PER CENT,  BAS REPORTED BY R E I D  AND ASSOCIATES ( 1 9 5 6 a ) .  IN 
T H IS  D I E T ,  MINERAL MIXTURES WHICH SIMULATED THE ASH OF D I S T I L L E R S  
D R IE D  SOLUBLES WERE FOUND TO PRODUCE GROWTH RESPONSES WITH BOTH CHICKS 
AND POULTS.  T h e  o m i s s s c n  o f  m o l y b d e n u m  f r o m  s u c h  a m i x t u r e  d i d  n o t  
APPRECIABLY AFFECT THE GROWTH PROMOTING PROPERTY. ! T SHOULD BE NOTED 
THAT THESE WORKERS ADMITTED THAT THE CHEMICALS USED IN THE RECONSTI­
TUTED ASK MAY NOT HAVE BEEN FREE OF MOLYBDENUM. ALTHOUGH THE BASAL 
D I E T  CONTAINED 1 ,0  TO 1,1  PPM MOLYBDENUM, THESE WORKERS ASSUMED THAT 
THE MOLYBDENUM WA® F IF.MLY BOUND }N THE SOVFLOUR OF THE RATION AND MAY 
NOT HAVE BEEN AV AIL ABLE TO THE C H IC KS .  FURTHER WORK REPORTED BY R E I D  
AND CO-WORKERS ( 1 9 5 6 b )  SUPPORTED I K E  CHICK GROWTH RESPONSE DATA M B  
ALSO FOUND THAT MOLYBDENUM ADDED AT SUPPLEMENTAL LEVEL© OF LESS THAN 
0 . 5  PPM IN A P U R I F I E D  D I E T S  PRODUCED A GROWTH RESPONSE IN TURKEY 
POULTS.
Mqtzgec EX M .  ( 1 9 5 7 )  REPORTED e x p e r i m e n t s  w i t h  p r a c t i c a l  r a t i o n s  
IN WHICH MOLYBDENUM WAS ADDED ( AS SODIUM MOLYBDATE) AT SUPPLEMENTAL 
LEVELS OF 0 ,  5 0 , 1 0 0 , 2G0, AND 500 PPM. A? EIGH T WEEKS OF AGE THERE 
WAS A MARKED DEPRESSION IN GROWTH OF PULLETS AND COCKERELS OF THREE 
BREEDS OF CHICKS FED THE D I E T  CONTAINING 500 PPM MOLYBDENUM. THE 
BASAL RATOON REPORTEDLY CONTAINED SEVEN PPM MOLYBDENUM AND NO GROWTH
8
RESPONSE VIAS NOTE© WHEN SUPPLEMENTED 0 I T H  THE OTHER LEVELS OF 
MOLYBDENUM. HOWEVER, 8T WAS FOUND THAT THE MOLYBDENUM CONTENT OF THE 
BLOOD AND L I V E R  ©AS INCREASED WITH ALL LEVELS OF MOLYBDENUM ©HEN ADDED 
TO THE D I E T ,  THE GREATEST INCREASE BEING 3 0 0 -F O L D  IN THE BLOOD AND 
SEVEN-FOLD IN THE L IV E R  AT THE HIGHEST LEVEL OF MOLYBDENUM FED.  5 f  
©AS ALSO FOUND THAT THE MOLYBDENUM CONTENT OF EGGS WAS INCREASE© ©HEN
MOLYBDENUM WAS ADDED TO THE R A T IO N .
T h e  a d d i t i o n  o f  m o l y b d e n u m  ( a s  s o d i u m  m o l y b d a t e ) t o  a  p u r i f i e d
AMD TO A PRACTICAL CHICK D I E T  AT LEVELS TO GIVE LESS THAN ONE PPM PRO­
MOTED GROWTH AND INCREASED XANTHINE DEHYDROGENASE A C T I V I T Y  OF THE 
L IV E R  AND IN TES TINA L  TISSUES OF CHICKS AT FOUR AND TEN WEEKS OF AGE, 
ACCORDING TO KURNJCK AND ASSOCIATES ( 1 9 5 7 ) .  MOLYBDENUM STUDIES WITH 
RATS,  CH IC KS,  AMD TURKEYS FED A P U R I F I E D  CASE IN D I E T  CONTAINING 0 . 1  
PPM MOLYBDENUM HAVE INDICATED THAT THE A V A I L A B I L I T Y  OF THE ELEMENT 
©AS INFLUENCED NOT ONLY BY THE GENUS OF THE ANIMAL BUT ALSO BY THE
DIR EC TIO N  AND MAGNITUDE OF THE GENUS DIFFERENCE.  T H I S  IS  IN AGREE­
MENT WITH WORK BY R E ID  AND ASSOCIATES ( 1 9 5 7 )  WHO REPORTED THAT BOTH 
L I V E R  AND IN TES TINA L  XANTHINE DEHYDROGENASE LEVELS OF CHICKS FED 
MOLYBDENUM SUPPLEMENTED RATIONS ©ERE S I G N I F I C A N T L Y  GREATER THAN THOSE 
OF BIRDS ON A CONTROL RATION.  DIFFERENCES AS LARGE AS TWO PER CENT IN 
BONE ASM WERE OBSERVED BETWEEN BIRDS ON RATIONS CONTAINING 0 . 0 2 5 4 -  PPM 
ADDED MOLYBDENUM AND THOSE ON THE CONTROL RAT IO N .  HOWEVER, IT  WAS 
FOUND THAT THESE DIFFERENCES IN BONE ASH WERE NOT S T A T I S T IC A L L Y  
S I G N I F I C A N T .
I n a r e v i e w  o f  m o l y b d e n u m  f i n d i n g s ,  U n d e r w o o d  ( 1 9 5 7 )  r e p o r t e d
THAT MOLYBDENUM IS  KNOWN TO BE A COMPONENT OF THE ENZYME XANTHINE 
OX ID ASE .  HE POINTED OUT THAT T H IS  ENZYME LEVEL HAS BEEN REPORTED TO 
VARY IN TISSUES OF ANIMALS FED DIFFERENT LEVELS OF MOLYBDENUM. S i  HAS
BEEM REPORTED THAT THUS ELEMENT STIMULATES GROWTH. HOWEVER, THIS 
F IN DIN G HAS NOT BEEN UNIFORMLY SUCCESSFUL IN OTHER LABORATORIES 
EXCEPT WHEN A MOLYBDENUM ANTAGONIST, SUCH AS SODIUM TUNGSTATE, HAS 
BEEN ADDED TO THE D I E T .  I t  SEEMS REASONABLE, NEVERTHELESS, TO ACCEPT 
MOLYBDENUM TENTATIVELY AS AN ESSENTIAL TRACE ELEMENT WHILE FURTHER 
RESEARCH IS CARRIED OUT IN WHICH MORE ACUTELY D EF IC IE N T  D IETS ARE 
USED AND MOLYBDENUM LEVELS IN THE TISSUES ARE MEASURED.THERE IS ALSO 
THE D I F F I C U L T  PROBLEM OF THE A V A I L A B I L I T Y  OF MOLYBDENUM IN DIFFERENT 
FORMS AND FROM DIFFERENT DIETARY SOURCES. THESE VIEWS ARE NOT WHOLLY 
SHARED BY McELROY AND NASOM (1 9 5 6 ) ,  WHO SUMMIZE THAT IN RECENT YEARS 
I T  HAS BECOME FASHIONABLE TO ASSUME THAT A MET AL IS ESSENTIAL IF IT  
IS FOUND TO BE REQUIRED SP ECIF IC ALLY FOR THE FUNCTION OF ANY ENZYME. 
T h i s  i s  a r e a s o n a b l e  a s s u m p t i o n  o n l y  i f  t h e  enzyme i s  a n e c e s s a r y  o n e .  
T h e s e  w o r k e r s  q u e s t i o n  t h a t  x a n t h i n e  o x i d a s e  i s  e s s e n t i a l  f o r  g ro y s tb
AND REPRODUCTION. HOWEVER, IF IT  IS ESSENTIAL AND MOLYBDENUM IS 
REQUIRED FOR ITS SYNTHESIS OR FUNCTION, THEN KNOWLEDGE CONCERNING 
THE INDUCED FORMATION OF ENZYMES SUGGESTS THAT SOME OF THESE CATALYSTS 
CAN BE EL IMINATED UNDER CERTAIN NUTRITIONAL CONDITIONS WITHOUT 
AFFECTING THE V I A B I L I T Y  OF THE ORGANISM. THUS WHAT MAY 8E AN ESSENTIAL 
ELEMENT WITH ONE D IE T  MAY NOT BE FOR A SECOND D I E T .
REMY AND We STERFELD (1951 ) REPORTED THE EFFECT OF SEVERAL D IET  
FACTORS ON THE XANTHINE DEHYDROGENASE CONTENT OF CHICKEN TISS UES.
T h e y  f o u n d  t h a t  f o l i c  a c i d  i n h i b i t e d  p u r i f i e d  c h i c k e n  l i v e r  x a n t h i n e  
DEHYDROGENASE JJ.  V ITR O .  PRESUMABLY BECAUSE OF THE PRESENCE OF 
6-PTERIDYALDEHYDE IN THE FOLIC AC ID .  HOWEVER, DIETARY FOL IC  ACID  
DSD MOT DECREASE THE LEVEL OF THE ENZYME IN THE KIDNEY,  PANCREAS OR 
IN T E S T IN E ,  AND WAS ACTUALLY REQUIRED FOR ITS  DEPOSITION IN THE
(MTESTIME WHEN THE PROTEIN INTAKE ©AS H IG H .  DIETARY L 8 V ER RESIDUE 
NAD L I T T L E  EFFECT ON TH IS  ENZYME CONCENTRATION ON ANY CHICKEN TISSUE®
Am m o n i u m  m o l y s d a t e  i n  c o n c e n t r a t i o n s  f r o m  O.CQ5 t o  0 .0 5  m o l a r
WAS ADDED TO 5.4- PER CENT GLUCOSE SOLUTION TO TEST THE EFFECT OF 
MOLYBDATE ON INT ES TINA L  ABSORPTION OF GLUCOSE IN THE RAT (PONY,
1 9 5 3 ) .  W i t h  O.GQ5 m o l a r  m o l y b d e n u m  t h e r e  was  no  e f f e c t  o n  g l u c o s e
ABSORPTION* SUT I N H I B I T I O N  WAS EVIDENT WITH 0 . 0 2 5  MOLAR SOLUTIONS.
A CONCENTRATION OF 0 . 0 5  MOLAR CAUSED I N H I B I T I O N  BY 2 0  TO 5 0  PER CENT 
IN ONE ABSORPTION TEST AND 3 0  TO 5 0  PER CENT IN A SECOND. i l  WAS 
SUGGESTED THE I N H I B I T I N G  EFFECT OF MOLYBDENUM WAS PRESUMABLY DUE TO 
A LOCAL EFFECT ON THE E P I T H E L I A L  CELLS.
Ac c o r d i n g  t o  DeRe n z o  a n d  a s s o c i a t e s  (1 9 5 3 s )d i e t s  c o n t a i n i n g
0 . 0 2  MILLIGRAMS MOLYBDENUM PER GRAM WERE S U F F IC IE N T  TO PRODUCE A 
"SATURATION l e v e l "  OF XANTHINE OXIDASE IN RATS. ASSUMING A D A IL Y  
FOOD INTAKE OF 1 0  TO 15 GRAMS* I T  WOULD APPEAR THAT THE MAXIMUM D A IL Y  
REQUIREMENT TO PRODUCE THIS  EFFECT WOULD BE ON THE ORDER OF 0 . 2  TO 
0 . 3  MILLIGR AM  MOLYBDENUM PER RAT .  T h e  TOTAL A C T I V I T Y  OF L IVER  
RES ID UE,  CALCULATED TO CONTAIN APPROXIMATELY 1 . 2  MILLIGRAMS MOLYBDENUM 
PER GRAM BY SPECTROGRAPH IC AN A LYS IS ,  CAN EASILY 3E ACCOUNTED FOR ON 
THE BASIS OF IT S  MOLYBDENUM CONTENT. I n LATER WORK BY DeR e NZO,  
He y t l e r ,  a n d  K a l e i t a  ( 1 9 5 4 )  WEANLING r a t s  we re  m a d e  DEF IC IE NT  
OF MOLYBDENUM. THEY WERE THEN GIVEN SINGLE SUBCUTANEOUS INJECTIONS 
OF 4 0  MICROGRAMS MOLYBDENUM AND SA CRIF IC ED SY DECAP ITAT ION AT 1 . 4  
AND 8 . 0  HOURS AFTER IN J E C T IO N .  THE INTESTINES WERE REMOVED AND 
XANTHINE OXIDASE DETERMINED. THEY FOUND THAT RAPID FORMATION OF 
XANTHINE OXIDASE ©AS EVIDENT AFTER THE SUBCUTANEOUS INJECTIONS OF 
MOLYBDENUM. S N CONTRAST, THE INJECTION OF V I T A M I N  B-jg INTO V I T A M I N
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SDEF I CI ENT RATS «JA S REPORTED TO 8NCREASE THE LEVEL OF L 8VER XANTHINE 
OX ID ASE ONLY AFTER A P E R IO D  OF EIGHT DAY S.
X a n t h i n e  o x i d a s e  r e q u i r e s  m o l y b d e n u m  f o r  a c t i v i t y  w i t h  c y t g -
CHROME C ,  BUT NOT WITH DYES AND OXYGEN* THUS CONFORMS NG TO THE 
PATTERNS SET BY OTHER METALLO—FLAVOR ROTE 8 MS (WlACKLER AND ASSOCIATES*
1 9 5 4 ) .  Mo l y b d e n u m  w a s  r e m o v e d  f r o m  t h e  e n z y m e  b y  d i a l y s i s  a g a i n s t
0 . 0 1  MOLAR AMMONIA, AND A C T I V I T Y  WAS RESTORED BY THE A D D IT IO N  OF 
MOLVBDIC O X I D E .  T H I S  A C T I V I T Y  IS  DEPENDENT ON THE PRESENCE OF INOR­
GANIC PHOSPHATE AND IS C O M P E T IT IV E L Y  I N H I B I T E D  BY PYROPHOSPHATE.
E n z y m a t i c  a c t i v i t y  w i t h  d i p h o s p h o p y r i e i n e  n u c l e o t i d e  r e s i d e s  i n  t h e
SAME PROTEIN WITH WHICH XANTHINE OXIDASE A C T I V I T Y  13 ASSOCIATED,
BUT MAY OCCUR AT A S I T E  D IF FERENT FROM THAT INVOLVED VII TH OTHER 
SUBSTRATES,  SUCH AS ALDEHYDES OR P U R I N E S .  IN A D D IT IO N  TO F L A V I N  
ADENINE D IN UCLEO TIDE AMD MOLYBDENUM, THE ENZYME APPEARS TO CONTAIN 
A SECOND CMROMOPHOR 8 C GROUP. T h e  P A R T I A L  REDUCTION OF F L A V I N  BY 
HYPOXANTHINE OS PROBABLY DUE TO AM OX 8 DAT IOW-REDUCTION E Q U I L I B R I U M  
AND MOT TO THE PRESENCE OF I N A C T IV E  F L A V I N  ADENINE D l N U C L E C T I D E .
N i c h o l a s  a n d  N a s o n  ( 1 9 5 4 )  s t a t e d  t h a t  m o l y b d e n u m  h a s  b e e n
I D E N T I F I E D  A3 THE METAL CONSTITUENT OF N IT R AT E REDUCTASE.  THE IF 
DATA SHOWED THAT THE CONTENT OF THE TRACE METAL INCREASED WITH THE 
S P E C I F I C  A C T I V I T Y  OF THE ENZYME.  AMMON IUM SULFATE FRACTIONS OF 
N IT R A T E  REDUCTASE CAM BE D lA L Y Z E D  IN MEMBRANES WHICH HAVE BEEN 
P RETREATED IN  GLUT ATH 3 ONE-PHOSPHATE SO LU T IO N S.  A d i  VAT ION OF THE 
ENZYME, D l A L Y Z E D  AGAINST CYANIDE AND SUBSEQUENTLY AGAINST PHOSPHATE 
AND GLUTATHIONE TO REMOVE EXCESS CYANIDE AND METALLOCYAN IDE COMPLEXES, 
WAS ACCOMPLISHED BY MOLYBDENUM T R I O X I D E  OR SODIUM MOLYBDATE.  OTHER 
M lC R O -N U T R IE N T S  IN CLU DING {RON,  COPPER, Z I N C ,  MANGANESE, COBALT,
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N IC K E L , TUNGSTEN, VANADIUM, URANIUM, AND BORON, R E S PEC TIV ELY , HERE 
WITHOUT EFFECT ON THE D8 ALYZED ENZYME.
THE AD DIT ION OF SODIUM TUNGSTATE ( 9 4  M ILL IGRAMS PER KILOGRAM) TO 
A P U R I F I E D  CASEIN D I E T  V IRT U ALLY  E L IM IN A T E D  THE XANTHINE OXIDASE FROM 
RAT AND CHICKEN TISSUES WHEN THE ENZYME A C T I V I T Y  WAS MANOMETRI CALLY 
MEASURED. IN C H IC KS,  HALF OF THE PURINES EXCRETED CONSISTED OF 
XANTHINE AND HYPOXANTHINE,  BUT URIC AC ID  AND ALLANTQIW EXCRETIONS IN 
RATS WERE UNAFFECTED ACCORDING TO RIC HER ? AND WESTERFELD ( 1 9 5 7 a )  T h I S  
COULD MEAN THAT ( l )  SMALL AMOUNTS OF XANTHINE OXIEASE ESCAPED DETECTION 
BY THE MANOMETRIC PROCEDURE OR ( 2 )  URIC ACID WAS FORMED BY ANOTHER PATH­
WAY i n  r a t s .  L a t e r  ( R i c h e r ? ,  Bl o o m  a n d  We s t e r f e l d  1 9 5 7 )  i t  w a s  f o u n d
THAT H0M0GENATE3 OF L IV E R S  FROM RATS DEPLETED OF MOLYBDENUM AND 
XANTHINE OXIDASE BY TUNGSTATE FEEDING D I D  NOT SHOW AN INCREASED OXYGEN 
UPTAKE WITH EITHER FREE PURINES OR THEIR  NUCLEOSIDES OR NUCLEOTIDES 
AS SUBSTRATES. THE ADDIT ION OF D<l PHOSPHOP V R ID IN E  NUCLEOTIDE AND 
METHYLENE BLUE D ID  NOT RESTORE AMY OF THESE O X I D I Z I N G  C A P A C I T I E S ,  BUT 
M I L K  XANTHINE OXIDASE D I D .  SMALL AMOUNTS OF XANTHINE OXIDASE WERE 
PRESENT IN SUCH LOVERS, BUT ESCAPED DETECTION BY THE MANOMETRIC PRO­
CEDURE BECAUSE ENDOGENOUS SUBSTRATES WERE BEING O X I D I Z E D  MAXIMALLY IN 
THE BLANK VESSEL,  AND AD DIT IONAL SUBSTRATE COULD NOT INCREASE T H IS  
RATE.  T h e  PRESENCE OF XANTHINE OXIDASE WAS DEMONSTRATED BY MEASURING 
ALLANTOIW FORMATION FROM THE VARIOUS SUBSTRATES, AND ENOUGH XANTHINE 
OXIDASE WAS FOUND TO ACCOUNT FOR THE FORMATION OF THE URIC AC5 D AND 
ALLANTOIN NORMALLY EXCRETED BY THE RAT.  No EVIDENCE COULD BE OBTAINED 
THAT URIC ACID  ACID WAS FORMED IN RAT L I V E R  BY ANY MECHANISM OTHER 
THAN XANTHINE O X ID ASE .
Ac c o r d i n g  to  Ma h l e r  e ? a l  ( 1 9 5 4 )  a l d e h y d e  o x i d a s e  i s  a  m o lv 6 d q -»
FLAVO PR O T E IN . T h e  METAL IS  REQUIRED FOR INTERACTION WITH CYTOCHROME
Q j  OUT MOT WITH BYES AMS OXYGEN. MOLYBDENUM CAN BE REMOVED ST B ! A L T S  I S 
OF THE ENZYME AGAINST 0 . 0 1  MOLAR AMMONIA. FULL A C T IV IT Y  5S RESTORED 
BY THE ADDITION OF MOLYBD8C T R IO X I D E ,  BUT NO OTHER METAL ION TESTED 
WAS ACTIV E.  T he  MOLYBDENUM-CATALYZED REACT DON REQUIRES THE PRESENCE 
OF j MORGAN I C PHOSPHATE. S l U G A T E ,  AND TO A LESSER EXTENT ,  ARSENATE GAN 
TAKE THE PLACE OF PHOSPHATE WHILE PYRO—PHOSPHATE COMPETITIVELY IN H I B I T S  
THE ADDITION OF PHOSPHATE. R lCHERT AMD WESTERFELD ( 1 9 5 7 0 )  REPORTED 
THAT BOTH XANTHINE OXIDASE AMD ALDEHYDE OXIDASE ARE MOLYBDENUM CON­
T A IN IN G  ENZYMES, AND BOTH ARE CAPABLE OF O X I D I Z I N G  ALDEHYDES. ANOTHER
ALDEHYDE-OXIDIZING ENZYME U T I L I Z I N G  D9PHOSPHCPYRI DINE NUCLEOTIDE AS A 
COFACTOR HAS BEEN PA RTIALLY  P U R IF IE D  FROM L I V E R ,  AND THE OXIDATION OF 
ACETALDEHYDE BY CRUDE LIVE R EXTRACTS REQUIRES DIPHOSPHOPYfi IDINE 
NUCLEOTIDE. A STUDY WAS DESIGNED TO SEE WHETHER THE DPN ENZYME >®AS 
ALSO MOLYBDENUM—DEPENDENT AND WHICH OF THESE SYSTEMS YJAS PRIMARILY 
RESPONSIBLE FOR ACS?ALDEHYDE OXIDATION IN D!ALYZED LIVE R HOMOGENATSS.
R a t s  s e r e  f e d  a d i e t  c o n t a i n i n g  t u n g s t a t e  to  d e p l e t e  t h e  t i s s u e s  o r
MOLYBDENUM—CON T Al N I NG ENZYMES. THE RATE OF ACET ALDEHYDE OXIDATION I'M
LIVER HOMOGENATSS ISAS MEASURED IN THE PRESENCE AND ABSENCE OF DPN. I l
WAS FOUND THAT, WHILE THE CAPACITY TO O X ID IS E  ACETALDEHYDE IN THE
PRESENCE OF DPN IS AS NOT AFFECTED, FEEDING A PROTEIN D EF IC IE NT  DIET 
CAUSED THE VIRTUAL E L IM IN A T IO N  OF ALL THE ALDEHYDE O X ID IZ IN G  ENZYMES
s t u d i e d .  T h e  D P N -l i n k e d  a c e t a l d e h y d e  o x i d i s i n g  enzyme o f  r a t  l i v e r  m m
FOUND TO BE INDEPENDENT OF DIETARY MOLYBDENUM.
Co p p e r
F o r  many y e a r s  t h e  p r e s e n c e  o r  c o p p e r  i n  b i o l o g i c a l  m a t e r i a l s  vs as
ASSUMED TO BE MERELY ACCIDENTAL.  I T  WAS NOT U N T I L  THE 1 9 2 0 1S THAT THE 
UNIVERSAL D I S T R I B U T I O N  OF COPPER IN PLANT AND ANIMAL TISSUES BECAME 
WELL RECOGNIZED AND A PHYSIOLOGICAL FUNCTION FOR T H IS  ELEMENT WAS 
D E F I N I T E L Y  ES TABLISHED.
De f i n i t e  e v i d e n c e  t h a t  c o p p e r  i s  a n  e s s e n t i a l  d i e t a r y  c o m p o n e n t
WITH A S P E C I F I C  FUNCTION W IT H IN  THE ANIMAL BODY AROSE FROM STUDIES 
WHICH WERE I N I T I A T E D  AT WISCONSIN IN  1924- ,  ON HEMOGLOBIN REGENERATION 
IN RATS SUFFERING FROM M I L K  A N E M I A .  AFTER A S E R I E S  OF EXPERIMENTS,
H a r t  and  a s s o c i a t e s  ( 1 9 2 8 )  a n n o u n c e d  t h a t  c o p p e r  i n  a d d i t i o n  t o  i r o n  
was  e s s e n t i a l  f o r  t h e  f o r m a t i o n  o f  h e m o g l o b i n  i n  t h e  r a t .  T h i s  d i s -
COVERY WAS ALMOST IMMEDIATELY CONFIRMED BY OTHER LABORATORIES AND 
ESTABLISHED THE FACT THAT COPPER IS ES SENTIAL FOR HEMATQPQES! 3  IN A 
WIDE RANGE OF ANIMAL SPECIES AS RECORDED BY ELYEHJEM AND HART ( 1 9 2 9 )
a n d  El v e h j e m  ( 1 9 3 5 ) .
T h a t  t h e  c o p p e r  c o n t e n t  o f  a r a t  a t  b i r t h  was  n o t  r a i s e d  b y  s u b ­
j e c t i n g  THE MOTHER TO A HIGH COPPER INTAKE WAS REPORTED BY L I NDOW ET AJj,
( 1 9 2 9 ) .  T h e r e  w a s  no  i n d i c a t i o n  o f  i n c r e a s e d  p l a c e n t a l  t r a n s m i s s i o n ,
NOR WAS THERE INCREASED TRANSMISSION OF COPPER THROUGH THE M I L K .  FEED­
ING OF ADDIT IONAL  COPPER LED TO MARKED INCREASES IN THE ABSOLUTE COPPER 
CONTENT AND THE PERCENTAGE OF T H IS  ELEMENT PRESENT IN THE BODIES OF RATS 
OF VARIOUS AGES FED DIFFERENT RAT IONS.  T h e  ABSOLUTE AMOUNT OF COPPER 
IN THE BODY OF A RAT ON AN ADEQUATE RATION GRADUALLY INCREASED FROM 
0 . 0 1 9 3  MILLIGR AMS AT BIRTH TO 0 . 4 4 2 2  M ILL IGRAMS AT 2 1 0  TO 2 4 0  DAYS.  ON 
A PERCENTAGE BASIS  THERE WAS A CONSTANT DECREASE FROM BIRTH UP TO 85 
DAYS AND A SL IGHT INCREASE AT 2 1 0  TO 2 4 0  DAYS.  T H I S  INGREASE WAS MOST
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STRIK IN G IN THE MORE ADULT ANIMALS WHICH AT 7 5  TO 85 BAYS OF AGE CON­
TAINED TWO, AND AT 2 1 0  TO 2 4 0  DAYS, THREE TIMES AS MUCH COPPER AS THE
ANIMALS FED THE STOCK RATION ALONE.
Cu n n i n g h a m  ( 1 9 3 1 )  r e p o r t e d  t h a t  t h e  c o p p e r  c o n t e n t  o f  t h e  s k i n
AND LIVERS OF RATS WERE INCREASED A RELATIVELY SMALL DEGREE COMPARED 
WITH LEVELS OF ADDITIONAL COPPER FED IN THE DIET® I n  CONTRAST TO 
THIS  EXPERIMENTOR, L I NDOW AND ASSOCIATES ( 1 9 2 9 )  FOUND THAT FEEDING 
ADDITIONAL COPPER TO THE MOTHER CAUSED INCREASED STORAGE OF COPPER IN 
THE NEWLY BORN RAT. THEY ALSO REPORTED THAT SUPPLEMENTAL COPPER HAD 
L I T T L E  OR NO EFFECT ON THE STORAGE OF IRON IN THE FETAL RAT OR IN THE
h e n ’ s e g g .
ElVEHJEM AND ASSOCIATES ( 1 9 3 0 )  FOUND THE AVERAGE COPPER CONTENT 
OF EGG YOLK TO EE 0 . 0 0 7 6  PER CENT AND OF EGG ALBUMIN TO EE 0 . 0 0 5 6  PER 
CENT. The  AMOUNT OF COPPER IN THE YOLK AND ALBUMIN WAS NOT INCREASED 
BY FEEDING THE HEN 50  MILLIGRAMS OF IRON OR 50 MILLIGRAMS OF IRON PLUS 
0 . 5  MILLIGRAM COPPER D A I L Y .
F o l l o w i n g  t h e  d e m o n s t r a t i o n  o f  t h e  i m p o r t a n c e  o f  c o p p e r  i n  
HEMAT0P0E3IS,  THERE WAS A RAPID INCREASE IN KNOWLEDGE OF OTHER B I O ­
LOGICAL FUNCTIONS OF COPPER.  A NUMBER OF COPPER P R O TE IN  COMPOUNDS 
WERE ISOLATED FROM BOTH PLANT AND ANIMAL SOURCES, SEVERAL OF WHICH WERE 
SHOWN TO BE OXIDASES [^TYROSINASE (POLYPHENOL O X ID A S E ) , LACCASE, AND 
ASCORBIC ACID OXIDASE^] ACCORDING TO K l E L I N  AND MANN ( 1 9 3 8 ) .  MORE 
RECENTLY BUTYRL C o - A  DEHYDROGENASE HAS BEEN ID E N T I F I E D  AS A CUPRO- 
FLAVOPROTEIN IN WHICH COPPER OCCURS AS A PART OF THE PROSTHETIC GROUP
(Ma h l e r  1 9 5 3 ) .  The  a c t i v i t i e s  of  t h e s e  e n z y m e s  ar e  d e p e n d e n t  u p o n
THE COPPER THEY CONTAIN;  BUT AS YET THERE APPEARS TO BE L I T T L E  KNOWN 
ABOUT HOW COPPER IS BOUND, OR HO® ST FUNCTSONS WIT HIN  THE ENZYME.
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A l s o  i t  i s  no?  c l e a r  w h a t  q u a n t i t a t i v e  s i g n i f i c a n c e  gam be a t t a c h e d  to
THESE COPPER-CONTAINING ENZYMES IN THE O X ID A T IV E  PROCESSES OF THE INTACT 
C EL L .
IN WORK DONE SOMEWHAT E A R L I E R ,  SM ITH AND DEDLSCOTT ( 1 9 4 4 )  FOUND 
THAT A D EF IC IE NCY OF EITHER IRON OR COPPER PRODUCES AN ANEMIA IN THE 
RAT ®HIGH WAS MORPHOLOGICALLY C L A S S I F I E D  AS MICROCYTIC AMD HYPOCHROMIC.
T h e  f e e d i n g  o f  p u r e  i r o n  t o  m i l k  a n e m i c  r a t s  l e a d  t o  a  s i n g i f i c a n t
INCREASE IN THE MEAN CELL VOLUME, WHICH S T I L L  REMAINED LESS THAN
NORMAL. T h e  f e e d i n g  o f  c o p p e r  t o  t h e s e  m i l k  a n e m i c  r a t s  p r o d u c e d  a
RIS E  IN THE ERYTHROCYTE COUNT WHICH ®A8 NOT ACCOMPLISHED BY AN (INCREASE 
IN HEMOGLOBIN.
Ce r t a i n  n a t u r a l l y - o c c u r r i n g  d i s e a s e s  o f  g r a z i n g  s h e e p  a n d  c a t t l e
SERE FOUND TO BE DUE TO A DEF IC IE NC Y OF COPPER AND COBALT,  OR WHICH 
RESPONDED TO COPPER THERAPY. ONE OF THE F IR S T  REPORTS SUGGESTED THAT 
A DEF IC IE NC Y OF COPPER OCCURS IN L IVESTOCK WAS THAT OF NEAL AMD 
ASSOCIATES ( 1 9 3 1 )  AS A RESULT O f  THEIR  STUDIES OF ” S A L T - S I C K *  COWS 
i n  F l o r i d a .
Re p o r t s  h a v e  b e e n  p u b l i s h e d  o h  t h e  c o p p e r  c o n t e n t  o f  t h e  p r i n c i p l e  
t i s s u e s  a n d  o r g a n s  o f  v a r i o u s  AN IM ALS ,  INCLUDING THOSE OF THE r a t ,
R A B B I T ,  CAT,  DOG, P SG, GUINEA P I G ,  SHEEP, HORSE, COW, DOMESTIC FOWL,
a n d  m a n .  V a r y i n g  c o n c e n t r a t i o n s  h a v e  b e e n  f o u n d  i n  e v e r y  o r g a n
EXAMINED AND THERE SEEMS TO BE REASON TO ASSUME THAT COPPER OCCURS 
IN ALMOST, IF  NOT A LL, BODY C E L LS .  I N I D I V I D U A L  V A R I A B I L I T Y  APPEARS TO 
BE TOO LARGE TO ALLOW D E F I N I T E  VALUES TO BE ASSIGNED TO S P E C IF IC  
T IS SUES OR ORGANS. DATA OF T H I S  NATURE HAVE BEEN REPORTED BY
Br u c k m a m n  a n d  Zo n d e k  ( 1 9 4 0 ) ,  Cu n n i n g h a m  ( 1 9 3 1 ) ,  L q r e w z e n  a n d  Sm i t h  
( 1 9 4 7 ) ,  a n d  Ma r s t o n  (1 9 5 2 ) .  The e n b o c r i n  g l a n d s  s . e .  p i t u i t a r y ,
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TMVR01D, AMD THYMUS, AK£ REPORTED EXAMPLES OP ORGANS WITH LOW COPPER 
CONCENTRATIONS WHILE THE L IV E R ,  KIDNEYS* HEART,  H A IR ,  AND BRAIN ARE 
AMONG THOSE O f HIGHER CONCENTRATIONS O f COPPER.
F ro m  t h e  a v a i l a b l e  e v id e n c e  i t  a p p e a r s  n e i t h e r  a d e f i c i e n c y  n o r  
AN EXCESS o r  d i e t a r y  c o p p e r  g r e a t l y  i n f l u e n c e s  t h e  c o p p e r  c o n t e n t  o r 
CERTAIN O f  THESE TISSUES AND ORGANS* AND ESPECIALLY THE ENDOCRINE 
GLANDS, MUSCLES, HEART AND S K IN .  I t  HAS BEEN REPORTED THAT THE COPPER 
CONTENT OF THE L IV E R ,  K SIDNEY, SPLEEN, AND LUNGS CAM BE GREATLY 1 N— 
CREASED BY HIGH COPPER INTAKE, AND THAT OF THE L IV E R ,  K ID N E Y , SPLEEN, 
H A IR ,  AND BLOOD CONSIDERABLY REDUCED UNDER CONDITIONS OF COPPER 
DEFIC IENCY ( L I  NE>0 SI AND CO-WORKERS 1 9 2 9 ) .  THESE WORKERS FURTHER 
STATED THAT THE ADDITION OF F IV E  M ILLIGRAMS OF COPPER PER DAY TO A 
NORMAL STOCK RAISON RAISED THE COPPER CONCENTRATION OF ADULT RAT LSVERS 
FROM 11 TO 213 PPM (DRY B A S IS ) ,  THE KIDNEY FROM 12 TO 17 PPM AND THE 
SPLEEN FROM THREE TO 17 PPM WITH VERY L IT T L E  CHANGE IN COPPER LEVELS 
IN THE HEART, BR A IN , SK IN  AND MUSCLES.
S e e m i n g l y ,  v e r y  l i t t l e  i f  a n y t h i n g  i s  known o r t h e  m e c h a n is m  o f
ABSORPTION OF COPPER, AND THE FACTORS WHICH INFLUENCE ITS ABSORPTION 
ARE VERY IMPREFECTLV UNDERSTOOD. TOMPSETT (1940) STATED THAT ABSORP­
TION OF COPPER PROBABLY OCCURS IN MAN IN  THE UPPER PART O f  THE SMALL 
INTESTINE WHERE THE CONTENTS S T IL L  HAVE A PRONOUNCED ACID REACTION.
HE STATED THAT THE REACTION OF THE IN TESTINAL CONTENTS MUST EXERT A 
MARKED INFLUENCE ON COPPER ABSORPTION AND T H IS ,  IN TURN, MUST DEPEND 
ON A NUMBER OF FACTORS SUCH AS THE GASTRIC A C ID IT Y ,  THE BASE ( 8 . E .  
CALDJUM) CONTENT OF THE D IE T  AND THE CHARACTER OF THE INTESTINAL 
SECRETIONS.
I t  i s  a l s o  p o s s i b l e  t h a t  m e t a b o l i c  c h a n g e s  i n  p l a n t s  c a u s e
COPPER TO ENTER COMBINATIONS PROM WHICH IT  CANNOT BE READILY RELEASED 
AND A S S IM ILA T E D  BY ANIM ALS. A HIGHLY INTERESTING IN VE STIG A T IO N  IN 
T H IS  ASPECT OF N U TR IT IO NAL PHYSIOLOGY OF COPPER WAS MADE BY M I LLS 
( 1 9 5 4 ) .  He POINTED OUT THAT THE GREATER PORTION OF COPPER IN HERBAGE 
EX IS T S  IN  A BOUND FORM AND THAT MUCH OF THE COPPER IS  NOT EXTRACT- 
ABLE BY ORGANIC SOLVENTS OR BY D IL U T E  AQUEOUS SOLUTIONS OF ORGANIC 
CHELATING AGENTS. He FURTHER STATED THAT SEASONAL V A R IA T IO N S IN THE 
S O L U B IL IT Y  OF HERBAGE COPPER E X IS T  AND THAT LESS WATER SOLUBLE COPPER 
IS  PRESENT IN PASTURES IN WHICH wSWAYBACKw IN LAMBS OCCURS THAN IN 
NORMAL HERBAGE. EVIDENCE WAS FURTHER PRESENTED THAT A STA B LE , WATER- 
SOLUBLE COPPER COMPLEX PRESENT IN  HERBAGE IS  MORE READILY U T IL IZ E D  
BY THE COPPER-DEFIC IENT RAT THAN CUPRIC IO N .
A STUDY WAS MADE OF THE COPPER TOLERANCE OF YOUNG CHICKENS BY 
M ayo  JLL £ L > ( 1956 ) .  G r o w t h  r a t e ,  m o r t a l i t y ,  and  o c c u r r e n c e  o f  m u s c u la r
DYSTROPHY SERVED AS INDICATORS OF COPPER TOLERANCE. A P U R IF IE D  D IE T ,  
CONSISTING P R IM A R IL Y  OF CERELOSE, C A S E IN , G E L A T IN ,  AND A CORN-SOYBEAN 
MEAL D IE T  WERE BOTH USED IN  THE STUDY. (N ONE T R IA L  THE CORN-SOYBEAN 
MEAL D IE T  WITH 3 2 4  PPM COPPER CAUSED MUSCULAR DYSTROPHY AND S I G N I F I ­
CANT IN H IB IT IO N  OF GROWTH AT FOUR WEEKS OF AGE. IN  ANOTHER T R IA L  A 
LEVEL OF 5 2 0  PPM COPPER DECREASED GROWTH AT FOUR WEEKS OF AGE. WHEN 
COPPER WAS INCLUDED AS COPPER-BOUND-CASEIN INSTEAD OF COPPER SU LFATE,
A S IG N IF IC A N T  GROWTH INCREASE RESULTED, BUT THE INCIDENCE OF MUSCULAR 
DYSTROPHY REMAINED THE SAME. No RELATIO NSHIP BETWEEN THE INCIDENCE 
OF MUSCULAR DYSTROPHY AND V IT A M IN  E LEVEL OF THE RATION WAS E S TA BLIS H E D . 
A MARKED INCREASE IN MORTALITY OCCURRED IN  THE CHICKS ©HEN EITHER A 
PRACTICAL OR P U R IF IE D  D IE T  CONTAINED 1 2 7 0  PPM COPPER.
P h o s p h o r u s
T h e r e  a r e  n o t  manv r e p o r t s  w h ic h  f u r n i s h  a b a s i s  f o r  d i f f e r e n ­
t i a t i o n  OF THE PHYTIN PHOSPHORUS OF CEREALS AND THE MORE AVAILABLE 
FORMS OF PHOSPHORUS COMBINED IN BONE MEAL, MINERAL PHOSPHATES, ANIMAL 
PROTEIN SOURCES, FATS AND PROTEINS. S lNCE 1 9 3 9  IT  HAS BEEN CLEAR 
THAT PHYTIN PHOSPHORUS I S ,  AT BEST,  POORLY AVAILABLE TO THE CHICK 
AND FOR PRACTICAL PURPOSES SHOULD HARDLY BE CONSIDERED IN ESTIMATING 
THE PHOSPHORUS REQUIREMENT (ALMQUIST, 1 9 5 4 .) *  T H 8 3 MAY BE PARTICULARLY 
TRUE IN REFERENCE TO MODERN HIGH—SFFIC IE N C Y DIETS WHICH ARE USUALLY 
LOW IN POTENT SOURCES OF PHYTASE.
M c G in n is  and  a s s o c i a t e s  (194-4) r e p o r t e d  t h a t  c h i c k  r a t i o n s  c o n ­
t a i n i n g  58 p e r  c e n t  p h o s p h o r u s  f r o m  v e g e t a b l e  s o u r c e s  c o u l d  n o t
SUPPORT MAX.IMAL C A LC IF IC A T IO N  WITH ANY LEVEL OF V IT A M IN  D UP TO AS 
MUCH AS 3 2 0  A . O . A . C .  CHICK UNITS PER 1 0 0  GRAMS, THE DATA ON BONE ASH 
VALUES SHOTS ED A L INEAR RELATIONSHIP TO THE LOGARITHM OF V ITA M IN  D 
INTAKE. Su c h  DATA SUGGEST THAT t h e r e  was  A CONSTANT SUBOPTiMAL 
LEVEL OF AVAILABLE PHOSPHORUS THE U T IL IZ A T IO N  OF WHICH WAS INCREASED 
WITH V ITA M IN  D .  Wh e n  ALL PHOSPHORUS WAS IN  INORGANIC FORM AS L IT T L E  
AS TWENTY UNITS V IT A M IN  D PER 1 0 0  GRAMS RATION WAS S U F F IC IE N T .
S sn g se n  a n d  M i t c h e l l  ( 1 9 4 5 )  e m p l o y e d  a  c h o c k  d i e t  c o n t a i n i n g
0 . 2 3  PER CENT PHOSPHORUS, SUPPLEMENTED WITH EITHER COD L IVE R  O IL  OR 
IRRADIATED ANIMAL STEROL, AND C ALCIUM-MAGNE3 8 UM PHYTATE TO RAISE 
THE TOTAL PHOSPHORUS LEVEL TO 0 . 4 9  PER CENT« SLIGHTLY HIGHER BONE 
ASH WAS SUPPORTED BY EQUIVALENT UN IT  AGE OF THE IRRADIATED PRODUCT*
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T h u s  r e l a t i v e  d i f f e r e n c e  s u g g e s t s  t h a t  t h e  t r r m j i a t e d  p r o d u c t  m a y
HAVE CAUSED EITHER APPRECIABLE U T IL I Z A T IO N  OF THE PHYTATE PHOSPHORUS 
OR MORE E F F IC IE N T  U T IL I Z A T  DON OF THE NON-PHYTIN  PHOSPHORUS CN THE 
D I E T .
L i t t l e  h a s  b e e n  d o n e  o n  t h e  a b s o r p t i o n  a n d  e x c r e t i o n  o f  c a l c i u m
AMD PHOSPHORUS BUT SOME INTERESTING EVIDENCE WAS REPORTED BY T y lE R  
(194.8). IT  WAS REPORTED USING J_M VITRO EXPERIMENTS THAT OYSTER 
S H E L L , PURE CALCIUM CARBONATE., BONEMEAL, AND PURE TR! CALCIUM PHOSPHATE 
REMAINED UNDISSOLVED IN  A SOLUTION CONTAINING CALCIUM AND PHOSPHORUS 
AT THE PH OF THE SMALL IN T E S T IN E ,  AND, AS A S O L ID  PHASE, REMOVED 
C A L C I U M  PAR7 1 ALLY AMD PHOSPHORUS MORE COMPLETELY FROM SO LUTION.
C a r b o n a t e s  w e r e  m o r e  e f f e c t i v e  t h a n  p h o s p h a t e s  a n d  c r u d e  c o m p o u n d s  m o r e
EFFECTIVE THAN PURE. YZhEN THE CONTENTS OF THE EXCISED IN TES TIN E  OF 
F IV E -W E E K —OLD CHICKS WERE ANALYZED, THE NORMAL RATION SHOWED AM 
INCREASE OF CALCIUM AND PHOSPHORUS IN  THE S O L.D  PHASE FROM THE UPPER­
MOST TO THE LOWEST OF THREE EQUAL SEC TIO N S; THE INCREASE WAS GREATER 
WITH EXCESS OYSTER SHELL FLOUR OR BONEMEAL. W lTH  RATIONS HIGH IN 
MINERALS THE CONCEHTRAT 3QM OF CALCIUM IN THE S O L ID  PHASE WAS GREATER 
THAN NORMAL SM THE UPPER THIRD OF THE SMALL IN T E S T IN E  BUT NOT S I G N I F I ­
CANTLY DIFFERENT FROM NORMAL LOWER DOWN. WlTH OYSTER S H E LL , THE CON­
CENTRATION OF PHOSPHORUS WAS LESS IN  THE MIDDLE TH IRD OF THE SMALL 
IN T E S T IN E .  THE ABNORMAL COMPOSITION OF THE L IQ U ID  PHASE WHEN OYSTER 
SHELL VMS GIVEN WAS REFLECTED IN HIGH BLOOD CALCIUM , LOW BLOOD 
PHOSPHORUS AND BONE ASH.
T h e  EXCRETION OF INTRAMUSCULARLY ADMINISTERED IN T O , AND
P - ^  CONTENT OF THE STOMACH, DUODENUM, ILE U M , JEJUNUM, CECUM, AND 
COLON OF FOUR GROUPS OF RATS ON RATIONS CONTAINING MOLYBDENUM AMD
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COPPER AT LEVELS OF 8 0  TO 3 5 ,  0  TO 3 5 ,  8 0  TO 0 ,  AMD ZERO TO ZERO PPM, 
RESPECTIVELY WERE DETERM I MED AT INTERVALS RANGING FROM 0 . 5  TO 1 68 
HOURS AFTER ADM INISTRATIO N BY S H IR L E Y , OWENS, AND DAVIS ( 1 9 5 1 ) .
T h e  r e s u l t s  w ere  c a l c u l a t e d  a s  p e r  c e n t  d o s e  a n d  p e r  c e n t  d o s e
PER M ILLIG RAM  OF TOTAL PHOSPHORUS. T h e  GROUP FED THE HIGH LEVELS 
OF BOTH MOLYBDENUM AND COPPER EXCRETED LESS OF THE ISOTOPE INTO THE 
CONTENTS OF THE VARIOUS ALIMENTARY SEGMENTS THAN THE OTHER THREE 
GROUPS, WHICH WERE ESSENTIALLY EQUIVALENT YJIT H RESPECT TO EXCRETION.
F e c a l  a n d  u r i n a r y  e x c r e t i o n  v a r i e d  m a r k e d l y  among  t h e  f o u r  g r o u p s .
The  p e r  c e n t  P ^ 2  i n  t h e  f e c e s  was 3 .05 , 4.54-, 5 .66, a nd  7.74, and i n  
THE URINE 12.C, 16.0, 19 .3 , AND 26.0 FOR THE h i g h  c o p p e r - h i g h  m o l y b ­
d e n u m , HIGH COPPER, HIGH MOLYBDENUM, AND BASAL RATION FED RATS, 
R ESPECTIVELY, 168 HOURS a f t e r  a d m i n i s t r a t i o n .
T he  b o d y  s t o r e s  o f  c a l c i u m  a n d  p h o s p h o r u s  i n  t h e  b o n e s  a re
L A B IL E  AND CAN ONLY BE F IL L E D  IN THE YOUNG GROWING ORGANISM IF  THE 
CALCIUM AND PHOSPHORUS IN THE d i e t  BEAR a FAVORABLE RATIO TO ONE 
ANOTHER AS REPORTED BY OWEN ( 1 9 5 2 } .  ! n  ANIMALS ON DIETS-OTHERW ISE 
ADEQUATE BUT D E F IC IE N T  IN CALCIUM, PHOSPHORUS, OR MAGNESIUM, THE 
SOFT TISSUES COMPETE 'WITH THE BONES FOR CALCIUM AND PHOSPHORUS OR 
MAGNESIUM SO THE MINERAL IS  LOST FROM THE SKELETON IN ADULTS. I n  
THE YOUNGER ORGANISM AM UNDERM!NERALI ZED SKELETON, WHICH MAY BE 
R IC K E TY , IS FORMED. V I TAM IN D PROTECTS THE ORGANISM BY FAVORING THE 
BONES AT THE EXPENSE OF SOFT T IS S U E . MINERAL IN  THE TEETH, HOWEVER,
IS IRREVERSIBLY DEPOSITED.
P a t r i c k  and  S c h w e i t z e r  ( 1 9 5 2 )  r e p o r t e d  t h a t  r a d i o a c t i v e  P^ 2 
FED AS INORGANIC SOUBLE PHOSPHATE IN SMALL AMOUNTS PER CHICK WAS 
MORE RAPIDLY ABSORBED IN THE PRESENCE THAN IN  THE ABSENCE OF V 8TAMIM D . 
In  CONJUNCTION WITH A D IE T  CONTAINING NO INORGANIC PHOSPHORUS, THE
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p 3 2  vVAS ABSORBED AS FAST IK  THE PRESENCE OF V I T  AM! N D2  AS iN  THE 
PRESENCE OF V I T W I N  D3 .  T H IS  FACT SEEMS TO 8 ND 0 CATE THAT THE GENERAL 
LAB IL  i  TY OF THE ORGAN 8C PHOSPHORUS IN  THE D IE T  WAS EQUAL WITH EITHER 
FORM OF V IT A M IN  D .  SEVERAL WATER-SOLUBLE V IT A M IN S  WERE FOUND TO 
INFLUENCE THE D EP O SIT IO N  OF j h  BONE. I n  VIEW OF TH IS  F INDING *,
IT  SEEMS LOGICAL TO APPLY S U IT A B LE  RESERVATIONS TO ESTIMATES OF 
PHOSPHORUS REQUIREMENT IN CASES OF INCOMPLETE D IE T S  OR OF R E L A T IV E LY
p o o r  g r o w t h .  A c c o r d i n g  t o  t h e s e  w o r k e r s  c a l c i u m  p a n t o t h e n a t e ,
N IA C I N ,  PARA-AM1NO BENZOIC A C ID ,  PYR 1D O XIN E , V i T AM IN B - j2 j  AND FO LIC  
AGED PLAY A PART IN  BONE M IN E R A L IZ A T IO N .
T h e  EFFECT OF AUREOMYCIN GM THE MANGANESE REQUIREMENT OF CHICKS 
FED VARYING LEVELS OF SALT AND PHOSPHORUS WAS REPORTED BY PEPPER,
S l i n g e r  a n d  Mo t z o k  ( 1 9 5 2 ) .  T h e s e  e x p e r i m e n t e r s  s t a t e d  t h a t  t h e
REDUCTION IN PERCENTAGE BONE ASH CAUSED BY ADDING AUREOMYCIN TO D IE T S  
CONTAINING 0.4-1 PER CENT INORGANIC PHOSPHORUS SUGGESTS THAT T H IS  
LEVEL OF PHOSPHORUS MAY NOT BE ADEQUATE FOR MAXIMUM CALC I F I  CAT JON IN 
THE PRESENCE OF AUREOMYCSN.
IT  VIAS REPORTED BY S lEBU RTH  AND ASSOCIATES ( 1 9 5 2 )  THAT THE 
PHOSPHORUS FROM U N JF IN E  FLOUR (VERY F IN E L Y  GROUND WHOLE WHEAT) WAS 
SHOWN TO BE ALMOST COMPLETELY A V A ILA B LE  FOR GROWTH AMD SOMEWHAT LESS
AV A ILA B LE  FOR BONE C A L C IF I  CAT 8 CN IN  THE C H IC K . On THE OTHER HAND, FOR
OPTIMUM BONE ASH 0 , 3  PER CENT WHEAT PHOSPHORUS AND 0 .4 -  PER CENT 
INORGANIC PHOSPHORUS AS SU P P LIE D  BY D I CALCIUM PHOSPHATE WAS REQUIRED.
T h e r e  a p p e a r e d  t o  b e  a  h i g h e r  p h o s p h o r u s  r e q u i r e m e n t  f o r  o p t i m u m
BONE ASH THAN FOR OPTIMUM GROWTH. THE BEST GROWTH REPORTED FROM T H IS  
EXPERIMENT WAS O BTAINED WITH 0 , 3  PER CENT INORGANIC AND 0 . 2  PER CENT 
ORGANIC PHOSPHORUS. IT  WAS FURTHER STATED THAT THE AD D IT IO N  OF WHOLE
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WHEAT FLOUR INCREASED GROWTH AND BONE C A L C IF IC A T IO N  OVER AND ABOVE 
THAT WHICH COULD BE ACCOUNTED FOR BY PHOSPHORUS ALONE. THE PHOS­
PHORUS FROM CALCIUM PHYTATE AND ALUMINUM PHOSPHATE WERE RELATIVELY  
UNAVAILABLE FOR GROWTH ALTHOUGH THAT IN CALCIUM PHYTATE SEEMED TO BE 
U T IL IZ E D  FOR BONE C A L C IF IC A T IO N  AT THE LEVEL USED, T h e  ADDITION OF 
ALUMINUM CHLORIDE TO A D IE T  CONTAINING U N IF IN E  FLOUR SEEMED TO 
SOMEWHAT REDUCE THE A V A IL A B IL IT Y  OF PHOSPHORUS FOR GROWTH AND S I G N I F I ­
CANTLY REDUCE THE T I B I A  ASH.
F i s h e r  a n d  c o - w o r k e r s  ( 1 9 5 3 )  r e p o r t e d  t h a t  a h i g h  a n d  a  low
ENERGY D IET  FOR CHICKS REQUIRED 0.51 PER CENT AND 0.58 PER CENT 
TOTAL PHOSPHORUS, RESPECTIVELY, FOR MAXIMAL C A L C IF IC A T IO N  AT FOUR 
WEEKS. The D IETS CONTAINED A VERY SMALL AMOUNT OF PHYTIN  PHOSPHORUS, 
PO SSIBLY 0.08 PER CENT; IF  TH IS  IS SUBTRACTED FROM THE ESTIMATED TOTAL 
REQUIREMENTS, THE AVAILABLE PHOSPHORUS APPEARS' TO BE 0.4-3 TO 0.50 
PER CENT. T h e s e  WORKERS ALSO STATED THAT THERE i s  NO i n c r e a s e  i n  t h e  
ABSOLUTE REQUIREMENT FOR PHOSPHORUS ON A HIGH ENERGY RATION AS 
COMPARED TO A LOW ENERGY R ATIO N , DESPITE THE APPROXIMATELY 25  PER 
CENT SMALLER NUTRIENT INTAKE ON THE HIGH ENERGY OVER THE LOW ENERGY 
RATIONJ THIS MAY BE EXPLAINED BY THE MUCH GREATER E FF IC IE N C Y OF 
PHOSPHORUS U T IL I Z A T IO N .
PHOSPHATIC CLAY (SOFT PHOSPHATE WITH COLLOIDAL CLAY) IS  NOT AS 
GOOD A SOURCE OF PHOSPHORUS AS BONE MEAL OR TRI CALCIUM PHOSPHATE,
WHEN FED TO CHICKS IN A RATION COMPOSED OF NATURAL INGREDIENTS
(Gr a u  a n d  Z w e i g a r t ,  1 9 5 3 ) .  Al t h o u g h  c l a c i f i c a t  i o n  was  a f f e c t e d ,  t h e
MOST STR IK IN G  EFFECT WAS ON THE GROWTH RATE, WHICH WAS NOT BENEFITED 
BY THE ADDITION OF PHOSPHATIC CLAY TO THE BASAL D IE T .  BONE MEAL 
IMPROVED THE GROWTH RATE. IT  WAS FURTHER DEDUCED THAT THE FLUORINE
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CONTENT OF PHOSPHATIC CLAY DOES NOT APPEAR TO ACCOUNT FOR ITS  EFFECT 
ON GROWTH. THE DATA OF THESE WORKERS CALCULATED TO INORGANIC PHOS­
PHORUS LEVE LS , IND ICATE THAT MAXIMAL TSE I A BONE ASH OF CHICKS WAS 
OBTAINED AT 28 DAYS OF AGE WITH AN INTAKE OF NOT MORE THAN 0.45 PER 
CENT PHOSPHORUS.
M i l l e r  and  J o u k o v o s k y  (1953) c o m p a r e d  p h o s p h o r u s  s u p p le m e n t s
AT TWO DIFFERENT PHOSPHORUS LEVELS USING A TWO TO ONE C A L C IU M - 
PHOSPHORUS RATIO  AT BOTH LEVELS, I h E  PHOSPHORUS FROM D IC ALC IU M  
PHOSPHATE, CURACAO ISLAND PHOSPHATE, BONE MEAL, AND DEFLOUR I MATED 
PHOSPHATE WERE ALL GOOD SOURCES OF READILY  AVA ILAB LE  INORGANIC PHOS­
PHATE. C o l l o i d a l  p h o s p h a t e  was a p o o r  s o u r c e  o f  a v a i l a b l e  p h o s ­
p h o r u s  FOR GROW ING CHICKS AND WOULD SEEM TO HAVE LESS THAN 50 PEP. CENT 
OF THE VALUE OF THE OTHER MINERALS TESTED. TlHESE WORKERS FOUND OF THE 
VARIOUS PHOSPHATE SUPPLEMENTS FOR CHICKS THAT WERE MADE WITH A BASAL 
D IE T  CONTAINING 0.42 PER CENT PHOSPHORUS OF WHICH 0 . 1 0  PER CENT 
WAS PROBABLY REA DILY  A V A IL A B L E .  W iTH  CHICKS AT F IV E  WEEKS OF AGE, 
PHOSPHATE SUPPLEMENTS WHICH PROVIDED 0.20 PER CENT PHOSPHORUS (0 .30 
PER CENT TOTAL AV A ILA B LE  PHOSPHORUS) D IE  MOT PROMOTE MAXIMAL GROWTH 
OR C A L C IF IC A T IO N ,  WHEREAS 0 .4  PER CENT ADDED PHOSPHORUS (0 .50 PER CENT 
TOTAL A VAILABLE PHOSPHORUS) APPEARED TO BE S U F F IC IE N T .
L lN B L A D  AND ASSOCIATES ( l 954) REPORTED THAT FEMALE CHICKS 
SHOWED MAXIMAL G A IN  TO S IX  WEEKS OF AGE WHEN FED 0 .4  PER CENT INORGANIC 
PHOSPHORUS AS COMPARED TO 0 .6  PER CENT IN ASSOCIATION WITH ONE PER 
CENT CALCIUM IN A PRACTIC AL D I E T .  WITH  1.8 PER CENT CALCIUM THE 
0 .6  PER CENT LEVEL OF INORGANIC PHOSPHORUS WAS BEST. In THE CASE OF 
MALE CHICKS THE 0.6  PER CENT LEVEL OF INORGANIC PHOSPHORUS WAS SUPERIOR
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TO 0 .4 -  PER CENT WHEN ASSOCIATED WITH 1 , 0  OR 1 . 4  PER CENT CALCIUM.
I t WAS CONCLUDED BY THESE WORKERS THAT SOMEWHAT MORE THAN 0 . 4  PER CENT 
INORGANIC PHOSPHORUS WOULD BE DESIRABLE IN  FEEDING A FLOCK OF MIXED  
SE XES.
A c c o r d i n g  t o  Cr e e c h  £ T  a l  (1956), b o n e  a s h  d e t e r m i n a t i o n s ,
USING BOTH CHICKS AND POULTS, HAVE INDICATED THAT 0 . 5 5  PER CENT 
TOTAL PHOSPHORUS IS S U F F IC IE N T  FOR MAXIMUM BONE C A L C IF IC A T IO N  IN THE 
CHICK PROVIDED THE SUPPLEMENTAL PHOSPHORUS IS  SU PPLIED FROM A SOURCE 
WHICH CAN BE U T IL IZ E D  EFFECTIVELY BY THE CHICK. USING TRI CALCIUM 
PHOSPHATE AS THE SOURCE OF PHOSPHORUS IN A P U R IF IE D  TYPE D IE T  FOR 
BOTH CHICKS AND POULTS IT  WAS FOUND THAT HIGHER LEVELS WERE REQUIRED 
TO PRODUCE THE SAME DEGREE OF C A L C IF IC A T IO N  AND GROWTH THAN WHEN 
D l CALCIUM PHOSPHATE WAS USED.
T w e n t y - s e v e n  p h o s p h a t e  s u p p l e m e n t s ,  b o t h  c h e m i c a l  a n d  c o m m e r c i a l
GRADES, WERE TESTED AS TO A V A IL A B IL IT Y  IN A SERIES OF EXPERIMENTS
WITH CHICKS OF HEAVY BREEDS TO F IV E  WEEKS OF AGE, USING A D IE T
HAVING A TOTAL PHOSPHORUS CONTENT OF 0 . 4 9  PER CENT, (W ITH AN INORGANIC
PHOSPHORUS CONTENT OF 0 . 1 7  PER CENT) BY MOTZOK, ARTHUR AND BRANION,
( 1 9 5 6 ) .  Mo s t  o f  t h e  c o m p a r i s o n s  w e r e  m a d e  w i t h  e n o u g h  o f  e a c h  o f  t h e
SUPPLEMENTS TO PROVIDE A TOTAL INORGANIC PHOSPHORUS LEVEL OF 0 . 4
PER CENT, USING TRI CALCIUM PHOSPHATE AS A STANDARD. BONE MEAL OR
MONOCALC I UM-PHOSPHATE WERE USED AS STANDARDS IN  SOME EXPERIMENTS AND
LEVELS OF TOTAL INORGANIC PHOSPHORUS, RANGING FROM 0 . 2  TO 0 . 8  PER
CENT WERE ALSO USED IN  SOME EXPERIMENTS. THE CALC IUMJPHOSPHORUS
RATIO WAS ADJUSTED TO 2 : 1  BY THE USE OF CALCIUM CARBONATE. T h e  ADDITION
OF BENTONITE, CHARCOAL, OR C e L IT E ,  IN  AMOUNTS EQUAL TO THE INERT
MATERIAL IN COLLOIDAL PHOSPHATES, TO A D IE T  SUPPLEMENTED WI TH
MONOCALCIUM PHOSPHATE, D ID  NOT DECREASE GROWTH OR PER CENT BONE ASH.
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T he  A D D IT IO N  OF i r o n  AMD a l u m i n u m  O X ID E S , IN  APjIOUNTS p r e s e n t  i n  t h e  
COLLOIDAL  PHOSPHATES, WAS ALSO WITHOUT EFFEC T. HENCE, THE LOWER 
A V A IL A B IL I T Y  OF THE PHOSPHORUS IN THE SUPPLEMENTS WAS NOT DUE TO THE 
H IMPUR I T lE S 11.
P h e a s a n t  c h i c k s  w e r e  f e d  d i e t s  c o n t a i n i n g  0 . 6 6  p e r  c e n t  p h o s ­
p h o r u s  ( c h e m i c a l  a n a l y s i s )  b y  S u n d e  a n d  B i r d  ( 195 6 ) ,  a n d  h i g h  m o r t a l i t y  
r e s u l t e d .  T h e  p h e a s a n t  c h i c k s ,  a f t e r  tw o  w e e k s  on  t h i s  d i e t ,  s h o w e d
A D IS T IN C T  BENDING OF THE T A R S O - M E T ATARSUQ NEAR THE HOCK J O IN T  AND OF 
THE PROXIMAL END OF THE T I B I 0 -T A R S U S . BoNE ASH VALUES WERE REDUCED 
FROM A NORMAL OF ABOUT 52 PER CENT TO 3 9  PER CENT WHEN THE BASAL D IE T
w a s  f e d .  A d d i t i o n s  o f  0 . 3  p e r  c e n t  t o  0 . 3  p e r  c e n t  p h o s p h o r u s  f r o m
D IC A L C IU M  PHOSPHATE RESULTED IN NORMAL GROWTH, NORMAL BONE FORMATION 
AND CALC IF I CAT I ON.
A REVIEW OF ALL EV IDENGE ON READILY  A V A ILAB LE  PH SPHORUS REQUIRE­
MENT FOR THE CHICK TO FOUR WEEKS OF AGE SUGGESTS THAT T H IS  REQUIREMENT 
SHOULD BE PLACED AT A MINIMUM OF 0 . /+ 5  PER CENT, IN THE PRESENCE OF 
AMPLE AMOUNTS OF V IT A M IN  D . AFTER T H IS  AGE THE REQUIREMENT MAY DROP 
TO 0 . 3 7  PER CENT FOR THE PERIOD UP TO TEN WEEKS ( A l IvIQ U I S T  1 9 5 4 - ) .
As PHOSPHORUS 13 PRESENT NEARLY EVERYWHERE IN THE ANIMAL ORGANISM, 
SO IT  IS  PRESENT NEARLY EVERYWHERE IN  MATURE. U LT IM A T E LY , THE SOURCE 
OF PHOSPHORUS IN THE ANIMAL IS  THE S O IL .  FOP. MAN THE FLOW IS F IR S T  TO 
THE PLANT FOODS, THEN EITHER DIRECT TO THE HUMAN ORGANISM OR IN D IR EC TLY  
BY WAY OF THE ANIMAL TISSUES CONSUMED BY MAN. I n VIEW OF THE COMPETING 
DEMANDS FOR PHOSPHORUS TO SERVE IT S  MANIFOLD FUNCTIONS IN THE ORGANISM, 
IT  IS  IMPORTANT TO NOTE THAT THE F IR S T  EFFECT OF A D E F IC IE N T  A S S IM IL A T ­
ION OF PHOSPHORUS IS  A FA ILU R E OF C A L C IF IC A T IO N  OF THE BONES AND THAT 
T H IS  F A IL U R E , BY REMOVING THE LARGEST REQUIREMENT FOR THE ELEMENT,
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USUALLY LEAVES AM AMOUNT ADEQUATE FOR ALL OTHER PURPOSES, EXCEPT UNDER 
THE MOST EXTREME- EXPERIMENTAL CONDITIONS AS THOSE STATED BY McLEAN
a n d  U r i s t  (1 9 5 5 ) .
J U ls* UR
The b od y  c o n t a i n s  a p p r o x i m a t e l y  0 . 1 5  p e r  c e n t  s u l f u r  as r e p o r t e d  
by  M a y n a rd  and  L c o s l i  ( 1956 ) .  T h i s  e le m e n t  o c c u r s  a lm o s t  e n t i r e l y
IN  ORGANIC COMPOUNDS, NOTABLY 3 N PROTEINS IN WHICH IT  IS  PRESENT AS THE 
SULFUR-CONT A 3 NING AMINO ACIDS CYSTINE AND M ETHIONINE. BOTH THE FECES 
AND URINE ARE PATHS OF SULFUR EXCRETION. In  THE URINE THREE FORMS 
OCCUR: INORGANIC SULFATES, THE P R IN C IP LE  FRACTION, WHICH REPRESENTS 
THE F IN A L  STAGE OF OXIDATION OF ORGANIC SULFUR; ETHEREAL -SULFUR, WHICH 
IS  PRESENT IN COMPLEX DETOXICATION PRODUCTS; AND NEUTRAL SULFUR, WHICH 
OCCURS AS C YS TIN E , TAURINE, T H ! GSULFATES, AND OTHER COMPOUNDS. SINCE 
EXCRETED SULFUR ARISES PR IM AR ILY  FROM PROTEIN CATABOLISM, THERE IS  A 
RATHER CONSTANT RATIO BETWEEN 9T AND THE NITROGEN 3M THE URIN E. THERE 
13 EVIDENCE THAT THE EXCRETION OF NEUTRAL SULFUR IS  PROPORTIONAL TO 
THE BASAL METABOLISM.
MACHL IN AND ASSOCIATES (1954 ) REPORTED ON CHICKS WHICH WERE FED A 
CORN-SOYBEAN D IE T  AND INJECTED INTRAMUSCULARLY WITH 21 MICRO-CURIES 
OF LABELED L-M ETH IO N IN E (QoS M ILL IG R A M S ) AT THREE WEEKS OF AGE.
S u p p l e m e n t a r y  m e t h i o n i n e  was  r e m o v e d  f r o m  t h e  d i e t  two  d a y s  b e f o r e
INJEC TIO N  AND REPLACED ONE DAY AFTERWARDS. BlRDS WERE SACRIFICED AT
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FOUR AND EIGHT HOURS AND OWE, THREE ,  M IM E , EIG H TE E N , AND TH IR TY  S I X  
DAYS AFTER THE IN J E C T IO N ,  ACT I V I TV WAS DETERMINED IN  THE G IZZARD
L I N I N G ,  SECONDARY SING  FEATHERS, L IV E R  AND LEG MUSCLE. A SECOND 
EXPERIMENT WAS CONDUCTED TO COMPARE M ETHIO NINE AND SULFATE SULFUR 
UPTAKE IN  FEATHERS, G IZZARD  L I N I N G ,  L IV E R  AND MUSCLE, C h IC K S  (FOUR 
WEEKS OF AGE) WERE INJECTED INTRAMUSCULARLY FOR THREE CONSECUTIVE DAYS 
WITH LABELED M E T H IO N IN E . ANOTHER GROUP WAS INJECTED IN THE SAME WAY 
WITH CARRIER FREE R A D IO A C TIVE  SODIUM SU LFATE . THE RESULTS SHOWED 
THAT THE MUSCLES R ETAINS FOR A MUCH LONGER TIM E THAN E ITH E R  THE
G IZZA R D  L IN IN G  OR L IV E R .  THE LOSS OF THE LABELED COMPOUNDS IN THE 
G IZ Z A R D  L IN IN G  WAS MORE RAPID  THAN IN  THE L IV E R ,  S iM C E THE G IZZARD 
L IN IN G  DOES NOT CONTAIN L IV IN G  C E L LS , THE LOSS 13 PROBABLY CAUSED BY 
THE WEARING AWAY OF THE L I N I N G ,  AMD HOT METABOLIC A C T IV IT Y .  I f  THE 
ASSUMPTION IS  TRUE, ONE HALF OF THE L IN IN G  IN  THE YOUNG B IR D  IS  WORN 
AWAY EVERY F IV E  TO TEN D ATS. THE PRESENCE OF SULFATE IN THE GIZZARD 
L IM IN G  AND THE DEMONSTRATION THAT LABELED SULFATE WAS PR EFERENTIALLY 
TAKEN UP BY T H IS  T IS S U E ,  MIGHT BE AN IN D IC A T IO N  OF THE PRESENCE OF 
ESTER 1 F I ED SULFATE SUCH A3 CHOHDROITIU SULFATE » C YS TE IN E MERCAPT SUSS 
ISOLATED FROM HYDROS.YZATES OF FEATHERS FROM BIRDS INJECTED 'WITH LABELED 
M ETHIO NINE OR SULFATE WERE R A D IO A C T IV E , Tt-IIS  DEMONSTRATED THE I MCORPOR- 
AT ION OF THE SULFUR OF BOTH M ETH ION IN E AND SULFATE INTO CYSTINE IN  THE 
YOUNG C H IC KEN ,
IN  A LATER REPORT, MACHLIN ( 1 9 5 5 )  REPORTED THAT S 3 5  WAS FED AS
SOD IJM  SULFATE TO TWO-WEEK-OLD CHICKS R EC EIV IN G  THE BASAL D IE T  SUP­
PLEMENTED WITH 0 . 4  PER CENT M ETHIO NINE FOR A PERIOD OF ONE WEEK. An 
AVERAGE OF 2 3  PER CENT OF THE 3 ^ 5  WAS RECOVERED IN  THE CARCASS. O f  
THE AMOUNT RECOVERED, 6 9  PER CENT WAS PRESENT AS PR O TEIN  BOUND
SULFATE -  S 3 5 ,  F I  VE PER CENT AS ’V r EE”  SULFATE -  AMD 1 9  PER CENT
AS TAURINE -  S - ^ .  T h e  PROTEIN CONTAINED N EG LIG IBLE  AMOUNTS OF RADIO­
ACTIVE CYSTINE OR M ETH IO N IN E . I t  VIAS CONCLUDED THAT THE GROWTH 
RESPONSE OBTAINED BY THE FEEDING OF SULFATE IS  DUE TO A PHYSIOLOGICAL  
REQUIREMENT PER SE . T h IB  REQUIREMENT CAN BE S A T IS F IE D  BY EITHER THE 
ADD IT IO N  OF SULFATE TO THE D IE T  OR PRESUMABLY FROM THE SULFATE FUR­
NISHED SY THE O X ID ATIO N  OF THE SULFUR-CONTAINING AMINO A C ID S . I f  
FREE TAURINE HAS SOME PHYSIOLOGICAL FUNCTIONS* THEN SULFATE MIGHT 
ALSO BE OF VALUE TO THE CHICKEN AS A PRECURSOR OF TAU R IN E. U T IL IZ A T IO N  
OF SUL?AYE-SULFUR FOR THE SYNTHESIS OF CYSTINE OR METHIONINE S3 
PROBABLY OF MO NUTRIT IO NAL S IG N IF IC AN C E IN  THE YOUNG CHICKEN.
G o r d o n  and  c o - w o r x e r s  ( 1 9 5 7 )  p r e s e n t e d  e v id e n c e  w h ic h  dem on­
s t r a t e d  THAT ALPBA—HYT3ROXY GAMMA—ME7HYLMERCAPTO BUTYRIC ACID  (THE 
ALPHA—HYDROXY ANALOGUE O f  M ETHIO NINE) IS  FULLY EQUIVALENT TO M E T H I O N I N E  
FOR SA T IS F Y IN G  THE REQUIREMENTS OF THE CHICKEN FOR THE SULFUR AM$ NO
a c i d s .  Ev i d e n c e  f o r  at  l e a s t  o n e  m e t a b o l i c  p a t h w a y  i n v o l v e d  i n  t h e
INTERCONVERSJOW OF METHIONINE HYDROXY ANALOGUE AND METHIONINE' BAS
FOUND. T h e  s y s t e m s  s t u d i e d  i m  g r e a t e s t  d e t a i l  w e r e  f r a c t i o n a t e d
HOMOGEMATES OF CHICKEN L IV E R .  2 l  V/AS FOUND THAT MITACHONDRIAL PR S P - 
RATIONS ARE CAPABLE OF O X ID IZ IN G  METHIONINE HYDROXY ANALOGUE TO ALPHA— 
KETO-GAMMA METHYLMERCAPTO BUTYRIC ACID  (THE ALPHA KETO ANALOGUE OF
m e t h i o n i n e ) a n d  t h a t  w a t e r  s o l u b l e  e n z y m e s  f o u n d  i n  t h e  s u p e r n a t a n t
FRACTIONS AFTER H13H SPEED CEHTR IF UGATI ON OF L IV E R ,  CONTAIN ENZYMES 
WHICH RAPIDLY CONVERT METHIONINE KETO ANALOGUE TO METHIONINE HYDROXY 
ANALOGUE AMD M ETH IO N IN E. By MEANS OF D IF F E R E N T IA L  CENTRIFUGATION AND 
VARIOUS CHEMICAL METHODS, IT  WAS POSSIBLE TO PURIFY THE ENZYME SYSTEMS 
TO m  EXTENT GREAT ENOUGH TO PERMIT DISCOVERY OF THE COFACTORS REQUIRED
IN  T H IS  SYSTEM. T H IS  WORK SUGGESTS A PO SSIBLE  MECHANISM FOR THE 
KNOWN N U T R IT IO N A L  EQUIVALENCE OF THE ALPHA-HYDROXY AND THE ALPHA 
AMINO COMPOUNDS, AND IN A D D IT IO N  PROVIDES FURTHER INFORMATION CONCERN­
ING THE MEGHAN ISM INVOLVED IN  THE U T IL IZ A T IO N  OF THE D OR UNNATURAL 
FORMS OF THESE COMPOUNDS. FEMALE CROSSBRED CHICKS WERE FED A GLUCOSE, 
C A S E IN ,  G E L A T IN ,  F A T ,  C H O LIN E , SU LFATE -FR E E-M IM E R A L MIXTURE P U R IF IE D  
D IE T  WHICH WAS F O R T IF IE D  WITH ALL V IT A M IN S  NECESSARY FOR CHICK GROWTH.
Bo t h  w i t h  a n d  w i t h o u t  s u p p l e m e n t a l  a l p h a - t o c o p h e r o l  ( t e n  m i l l i g r a m s
PER K ILO G R A M ), t h e  CHICKS ON T H IS  D IE T  DEVELOPED A MUSCULAR DEGEN­
ERATION MANIFESTED GROSSLY AS WHITE STR IA T IO M S OF THE BREAST AND LEG 
MUSCLES, AND M ICROSCOPICALLY AS A H YA LIN E TYPE DEGENERATION, CLUMPING 
OF THE F IB E R S  IN E O S IN O P H IL IC  MASSES AND LOSS OF CROSS S T R IA T  IO N S . No 
S IG N IF IC A N T  CHANGES WERE NOTED IN  THE TISSUES OF THE G IZ Z A R D , HEART, 
L IV E R ,  OR K ID N E Y . A D D IT IO N  OF ADEQUATE AMOUNTS OF ALPHA-TOCOPHEROL 
ACETATE OR 0 . 5  PER CENT DL-M ETHION IN E ,  OR 0 . 5  PER CENT L - L Y S I N E ,  OR 
0 . 2 5  PER CENT D IP H E N Y L -P -P H E N Y L E M E D IA M IN E , TO THEIR  BASAL D IE T S  COM­
PLETELY PREVENTED MUSCULAR DEGENERATION. A D D IT IO N  OF IN O S IT O L ,  
TRYPTOPHAN, BUTYLATED HYDROXY—AN I SO LE, OR SODIUM SULFATE HAD L IT T L E  OR 
NO EFFECT ON T H IS  PATHOLOGICAL A LTER ATIO N .
V i t a m i n  D i n c r e a s e s  t h e  i n t a k e  o f  i n o r g a n i c  s u l f u r  a s  m e a s u r e d
BY D EP O SIT IO N  OF S ^ 5  | n  C AR TILAG E . CHICKS WHICH RECEIVE A RATION 
INADEQUATE IN METHIONINE USE A GREATER PERCENTAGE OF SUPPLEMENTARY 
INORGANIC SULFUR THAN THOSE WHICH RECEIVE ADEQUATE AMOUNTS OF SU LFU R - 
CO NTAINING AMINO ACIDS ACCORDING TO P A T R IC K  ( 1 9 5 5 ) .  V IT A M IM  B12  AND 
AUREOMYCIN REDUCE THE AMOUNT OF S ^ 5  WHICH APPEARS IN  THE C A R T ILA G E .
T h e  r o l e  p l a y e d  b y  v i t a m i n  B12  a n d  v i t a m i n  D w i t h  i n o r g a n i c  s u l f u r
APPEARS TO BE RELATED TO CHONDROITIN SULFATE.
Am EXPERIMENT WH I CH WAS DESIGNED TO TEST THE RELATIVE GROWTH— 
STIMULATING EFFECT OF DIFFERENT FORMS OF SULFUR IN  DAT-OLD CHICKS FED 
A CORN-SOYBEAN MEAL TYPE RATION WAS REPORTED BY TsANG AND ScH A IB LE
( 1 9 5 7 ) .  Ma t e r i a l s  t e s t e d  w ere  a d d e d  a t  t h e  e x p e n s e  o f  co rn  m e a l .
Wh e r e  c a l c i u m  s u l f a t e  w a s  u s e d ,  an e q u i v a l e n t  a m o u n t  o f  c a l c i u m  was  
o m i t t e d  f r o m  t h e  r a t i o n .  T h e  d u r a t i o n  o f  t h e  t r i a l  w as  e i g h t  w e e k s
AND THE BIRDS WERE GROWN IN  BATTERY BROODERS. THE AVERAGE WEIGHTS AT 
THE END OF THE TR IAL  FOR CHICKS FED THE BASAL D IE T ,  0 . 1  PER CENT AND 
0 , 2  PER CENT ELEMENTAL SULFUR, 0 . 5 5  PER SENT AND 1 .1  PEP. CENT CALCIUM 
SULFATE (EQUAL TO 0 . 1  AND 0 . 2  PER CENT ELEMENTAL SULFUR, RESPECTIVELY) 
AND 0 . 2  PER CENT METHIONINE WERE 1 0 1 2 ,  1 0 4 5 ,  9 3 3 ,  1 0 5 0 ,  1 0 3 3 ,  AND 10*72
GRAMS, RESPECTIVELY. THESE DATA SHOW THAT THE ORGANIC FORM OF SULFUR
( m e t h i o n i n e )  was t h e  m o s t  e f f e c t i v e  i n  p r o m o t i n g  c h i c k  g r o w t h  ON THE 
RATION EMPLOYED. ONE-TENTH PER CENT ELEMENTAL SULFUR, 0 . 5 5  PER CENT 
AMD 1 ,1  PER CENT CALCIUM WERE ALMOST AS EFFE C TIV E , BUT 0 . 2  PER CENT 
ELEMENTAL SULFUR DEPRESSED GROWTH.
P o t a s s i u m
i M CONTRAST TO SODIUM, THE POTASSIUM OF THE BODY EXISTS PRIM ARILY 
AS A CELLULAR CONSTITUENT. H'JMAN-SLOOD CELLS FOR EXAMPLE, CONTAIN 
OVER 2 0  TIMES AS MUCH OF THE ELEMENT AS DOSS PLASMA. POTASSIUM PLAYS 
A V IT A L  BUT L IT T L E  UNDERSTOOD ROLE IN  MUSCLE WHERE ITS CONTENT IS 
ABOUT S IX  TIMES THAT OF SODIUM. WHILE BLOOD PLASMA CONTAINS MANY
TgMES AS MUCH SOD IUM AS POTASS IUM , IN M IL K  THE REVERSE 1C TRUE* THE 
REASON FOR THE VERY DIFFERENT D IS T R IB U T IO N  THROUGHOUT THE BODY OF THESE 
TWO ELEMENTS, WHICH ARE SO CLOSELY RELATED C H EM ICALLY, IS  A MYSTERY
( M a y n a r d  a n d  L o o s l i  1 956 ) .  P o t a s s i u m  d e f i c i e n c y  h a s  b e e n  e x p e r i m e n t -
A L L Y  PR ODU CED  I N  SEVERAL S P E C IE S . I N A D D IT IO N  TO WON—SPEC I F I C GROSS 
SYMPTOMS, THERE 8S A LOWERED CONTENT OF THE ELEMENT IN  THE HEART AND 
OTHER ORGANS, HEART L E S IO N S , TUBULAR DEGENERATION OF THE KIDNEYS AND 
OTHER PHYSIOLOGICAL CHANGES. As STUDIED WITH RATS, P IG S ,  AMD CHICKENS 
THE POTASSIUM REQUIREMENT MARKEDLY EXCEEDS THAT OF SODIUM. REPORTED 
FIGURES RANGE FROM APPROX I VIATEL V 0 . 2  PER CENT TO APPROXIMATELY 0 . 3  
PER CENT OF THE DRY R A T IO N . T h e  COMMONLY FED RATIONS OF FARM ANIMALS 
CAN BE COUNTED ON TO: MEET THESE RSQUJREMENtS. 'POTASSIUM IS  READILY 
ABSORBED AND THE EXCESS OVER BODY MEEDS IS  IMMEDIATELY EXCRETED. ThSS 
EXCRETION NORMALLY TAKES PLACE IN THE URINE TO THE EXTENT OF 9 0  PER 
CENT, BUT PROFUSE SWEATING D IVER TS A LARGE PORTION THROUGH TH IS  
CHANNEL.
A c c o r d i n g  t o  Wh i t e  a n d  a s s o c i a t e s  ( 1 9 5 4 )  t h e r e  i s  no  a d e q u a t e
EXPLANATION OF HO® CELLS ACQUIRE AND M A IN T A IN  THEIR  POTASSIUM CON­
CENTRATION, S i n c e  t h i s  p r o c e s s  i s  o p p o s e d  by  d i f f u s i o n ,  t h e  s t e a d y
STATE M AIN TAIN ED  B y THE CELLS REQUIRES U T IL IZ A T IO N  OF ENERGY OBTAINED
FROM O X ID A T IO N S . ADMINISTERED RAD IO—POT ASS ! UM ( K ^ )  IS  D IF F E R E N T IA L L Y
/  o
P ICKED  UP BY THE VARIOUS T IS S U E S . T h e  RATE AT WHICH IC* ENTERS VARIOUS 
T ISSUES APPEARS TO BE RELATED TO THEIR  VASCULARITY RATHER THAN TO THEIR 
METABOLISM. THE POTASSIUM LOST V I A  THE KIDNEYS OR THE GASTROINTESTINAL 
TRACT IS  ACCOMPANIED BY CHLORIDE WHICH MUST COME LARGELY FROM EXTRA­
CELLULAR f l u i d .  T h i s ,  i n  t u r n ,  i s  c o m p e n s a te d  f o r  by a r i s e  i n  e x t r a ­
c e l l u l a r  BICARBONATE CONCENTRATION SO THAT POTASSIUM D E F IC IE N C Y  IS
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USUALLY ACCOMPANIED BY ALKALO SIS . RESTORATION OF NORMAL EXTRACELLULAR 
BICARBONATE AND CHLORIDE CONCENTRATIONS IS  POSSIBLE ONLY AS A RESULT OF 
POTASSIUM ADM IN ISTR ATIO N.
A n a l y s e s  f o r  s o d iu m  a nd  p o t a s s i u m  w e re  c a r r i e d  o u t  o n  b r a i n *  s k i n *
MUSCLE, L IV E R ,  AND BLOOD O f CHICKS BY KRAVIS AND KARE ( 1 9 5 & ) .  THESE
ANALYSES WERE DONE D A IL Y  FOR THE F IR ST SEVEN DAYS AFTER HATCHING AND
AT LONGER INTERVALS AFTER TH IS  PERIOD. OBSERVATIONS WERE MADE ON THE
«
RELATIONSHIPS BETWEEN THE CHANGES OF THE CONCENTRATIONS O f SODIUM AND 
POTASSIUM IN THE VARIOUS T ISSU ES, AND AT WHAT PO INT THE HOMEOSTATIC 
REGULATORY MECHANISMS OF THE ANIMALS APPEARED TO EXERT A MORE COMPLETE 
EFFECT, THE RECIPROCAL ADJUSTMENT OF THE ELECTROLYTE LEVELS ! M THE 
MUSCLE WITH AGE WAS STUDIED IN TEN SIVELY . T h e  SODIUM LEVEL OF THE 
PECTORAL MUSCLE WAS OBSERVED TO STEADILY DECREASE TO 15 A3 IL L  I EQUIV­
ALENTS 35  DAYS LATER. THERE WAS A RECIPROCAL CHANGE IN THE MUSCLE 
POTASSIUM FROM 31 M ILL  IEQUIVALEMS ON THE FJR3T DAY R IS IN G  TO 8 7  
M lLL IE Q U iV A LE N T S  ON THE T H IR T Y -F IF T H  DAY. THERE APPEARED TO BE LESS 
VA R IATIO N  IN  THE VALUES FOR THE IN D IV ID U A L  SAMPLES AS THE AGE OF THE 
EXPERIMENTAL ANIMALS ADVANCED.
M i n e r a l  El e m e n t  I n t e r r e l a t i o n s  
Mo l y b d e n u m  d e f i c i e n c y  a n d  t u n g s t a t e  i n h i b i t i o n  s t u d i e s  w ere
REPORTED BY H lG G IN S  AND AS30CSATES (1956 b ) ,  C R IT E R IA  STUDIED WERE 
GROWTH RATE, REPRODUCTION, PURINE OXIDATION AMD TISSUE LEVELS OF
XANTHINE OXIDASE AND MOLYBDENUM. MOLYBDENUM AMD TUNGSTEN \5J£ftE ADDED 
TO D IE T S  AS SODIUM M0LY8DATE AND SODIUM TUNSST ATE , BUT CONCENTRATIONS  
WERE RECORDED FOR THE ELEMENT ALONE. THE OCCURRENCE OF THE TORE 
OBVIOUS D E F IC IE N C Y  SYMPTOMS \M THE CHICK MAY BE ATTRIBUTABLE TO A 
GREATER NEED g>Y THE CHICK FOR MOLYBDENUM AMD XANTHINE DEHYDROGENASE 
IN THE FORMATION OF LARGE AMOUNTS OF URIC  ACID  BY T H IS  S P E C IE S .  CHICKS 
FED SYNTHETIC  D IE T S  CONTAINING APPROXIMATELY 20 MICROGRAMS MOLYBDENUM 
PER KILOGRAM DEVELOPED NORMALLY BUT THE AD D IT IO N  CF SODIUM TUMGSTATE 
AT A LEVEL EQUIVALENT TO A TUNGSTEN.MOLYBDENUM R ATIO  OF 1000  OR 2 0 0 0 :1  
( w e i g h t / w e i g h t )  p r o d u c e d  am a p p a r e n t  m o l y b d e n u m  d e f i c i e n c y .  G r o w t h
RATES WERE DEPRESSED SOMEWHAT AND MORTALITY WAS APPROXIMATELY 25  PER 
CENT IN  F I YE «SE£KS„ ALL TISSU E XANTHINE DEHYDROGENASE AND MOLYBDENUM 
CONCENTRATIONS SERE MARKEDLY DEPLETED BY THE YUNGSTATE, AND ABOUT O N E-  
HALF OF THE URIC  ACID NORMALLY EXCRETED BY CHICKS WAS REPLACED BV A 
M IXTURE O f  XANTHINE AMD HYPOXANTHINE. ALL OF THE EFFECTS OF THE 
1GGG:1 TUNGSTEN LEVEL WERE COMPLETELY REVERSED BY ADDING AH A D D IT IO N A L 
TWO M ILL IG R A M S  MOLYBDENUM PER KILOGRAM OF D I E T .  THE MOLYBDENUM REMOVES 
FROM THE T ISS U ES 8Y PROTEIN D E F IC IE N C Y  OR TUMGSTATE FEEDING APPEARED 
IN  THE URINE AS A SHARP SPIKE IN  MOLYBDENUM EXCRETION; WE ITHER D IE T  
INTERFERED WITH THE ABSORPTION OF MOLYBDENUM FROM RAT IN T E S T IN E .
N e i t h e r  s o d i u m  s u l f a t e  n o r  s o d i u m  c h r o m a t e  a f f e c t e d  t h e  m e t a b o l i s m  
OF MOLYBDENUM, ?N ANOTHER REPORT H lG G IM S  AND ASSOCIATES ( 1 9 5 6 b )  FED 
CHICKS A SYNTHETIC  LCTHMQLYBDEMUM RATION CONTAINING 4 * 5  OR 9 * 4  M IL L  I -  
GRAMS PER CENT TUNGSTEN ( AS SODIUM TUNGSTATE) DEVELOPED AN APPARENT 
MOLYBDENUM D E F IC IE N C Y .  GROWTH RATES WERE DEPRESSED EIG H T AND 1 9  PER 
CENT, RESPECTIVELY 8N F IV E  WEEKS. L lV E R  AND OTHER T ISS U E MOLYBDENUM 
CONCENTRATIONS ©ERE LESS THAN 10 PER CENT OF THE NORMAL VA LU ES ,
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VJHILE XANTHINE DEHYDROGEN AGE ACT IV I T IE S  OF THE SMALL ! 12 TESY I ME, L IV E R ,  
K ID N E Y , AND PANCREAS WERE REDUCED TO LESS THAN 15 »! £ R CENT OF NORMAL 
BY BOTH D I E T S ,  ALL OF THESE EFFECTS WERE COMPLETELY REVERSED, AMD 
NORMAL VALUES WERE RESTORED BY ADDING TWO AMD S IX  M ILLIGRAMS PER CENT 
MOLYBDENUM (AS SODIUM MOLYBDATE), RESPECTIVELY TO THE D IE TS  COMTAJMING 
TUNGSTATE, EXCEPT THAT WITH THE 9 . 4  M ILLIGRAMS PER GENT D IE T ,  GROWTH 
WAS S T IL L  DEPRESSED APPROXIMATELY FOUR PER CENT AMD MORTALITY WAS MI ME
p e r  c e n t * We a n l i n g  r a t s  f e d  s i m i l a r  t u n g b t e n - c c n t a i m i n g  d i e t s  h a d
ESSEN?I ALLY MO XANTHINE OXIDASE A C T IV IT Y  IN THE SMALL IN T E S T IN E , L IV E R ,  
K ID N E Y, LUNGS,  OR SPLEEN.
Sm STUDIES o n  THE CONDITIONS REQUIRED TO DEVELOP MOLYBDENUM 
D EFIC IENCY IN  C H IC KS, EXPERIMENTS WERE CONDUCTED USING C ASS IM-CEHELOSE. 
DIETS CONTAINING 0 . 5 1  TO 0 . 8 0  PPM MOLYBDENUM (LEACH AMD NORRIS 1 9 5 7 ) .
T h e  ADDITION OF MOLYBDENUM TO THESE D IETS HAD MO EFFECT ON GROWTH, 
WHEREAS THE ADDITION OF TUNGSTEN REDUCED GROWTH AND MOLYBDENUM CONTENT 
OF THE L IV E R S . FURTHER S T U D I E S  WERE CONDUCTED USING SOYBEAN P R O T E IN -  
CERELOSE D IE T S  CONTAINING 1 . 8  TO 2 , 1  PPM MOLYBDENUM MOLYBDENUM.
T u n g s t e n  a d d i t i o n  r e d u c e d  g r o w th  a n d  l i v e r  x a n t h i n e  o x i d a s e . Mo l y b d e n u m
WAS EFFECTIVE IN RESTORING XANTHINE OXIDASE A C T IV IT Y  TO NORMAL, BUT 
ONLY P A R TIALLY  EFFECTIVE AT THE LEVELS USED IN RESTORING GROWTH.
M o ly b d e n u m  f a i l e d  t o  p r o m o t e  g r o w t h  i n  h a t c h e r y  c h i c k s  f e d  s o y b e a n
PROTESN-CERELOSE D IE T S .  J? ALSO HAD NO BE N E F IC IA L  EFFECT ON THE 
GROWTH OF CHICKS OBTAINED FROM DAMS FED A D IE T  CONTAINING REAGENT GRABS 
MINERALS FOR APPROXIMATELY THREE MONTHS AND GIVEN DEM iNEPAL! ZED WATER.
T h e  m o l y b d e n u m  c o n t e n t  o f  t h e  d i e t s  of  t h e  daiss  w a s  1 .4 5  p p m  a n d  2 . 8
PPM RESPECTIVELY. S T A T IS T IC A L  ANALYSIS OF THE DATA INDICATED THAT THE 
CHICKS RECEIVING MOLYBDENUM GREW AT A S IG N IF IC A N T L Y  SLOWER RATE THAN
3 6
CHICKS R EC EIV IN G  THE ASH OF UN I DENT IF IE D -F A C T O R  SUPPLEMENTS.
Ko NEN ( 1 9 5 8 )  STATED THAT MOLYBDENUM IS  NECESSARY FOR NORMAL 
GROWTH IN POULTRY. IYS PURPOSE IS  TO A L LE V IA T E  TUNGSTEN T O X IC IT Y .
T h i s  w o r k e r  s u g g e s t  0 .0 3  t o  0 .1  ppm m o ly b d e n u m  f o r  p o u l t r y  as t h e
APPROXIMATE N U TR IT IO N A L LE V E LS . THESE VALUES SHOULD NOT BE CONSIDERED 
MINIMUM Q U A N T IT A T IV E  REQUIREMENTS, BUT ARE MORE IN  THE NATURE OF 
OPERATING ALLOWANCES.
D i c k  a n d  Bu l l  ( 1 9 4 5 )  w e r e  f i r s t  to  e x p e r i m e n t a l l y  show  t h a t  t h e
STORAGE OF COPPER IN THE L IV E R S  OF SHEEP AND CATTLE COULD BE S I G N I ­
F IC A N T LY  REDUCED BY AN INCREASE IN THE MOLYBDENUM IN T A K E . T H IS  
F IN D IN G  HAS SINCE BEEN REPEATED BY D iC K  ( 1 9 5 2 ,  1 9 5 3 a ,  1 9 5 4 a ) .  HOWEVER, 
L e w i s  a n d  A l l c r o f t  ( 1 9 5 3 ) ,  a n d  S t e w a r t  a n d  a s s o c i a t e s  ( 1 9 4 6 ) w e re  
UNABLE TO CONFIRM THE O R IG IN A L  RESULTS OF D lC K  AND BULL ( 1 9 4 5 )  AMD 
VARIOUS C O NFLICTING  AND ANOMALOUS OBSERVATIONS HAVE BEEN MADE WHICH 
IN D IC ATE  THAT THE I N H IB I T I N G  EFFECT OF MOLYBDENUM ON COPPER STORATE 
IS  A COMPLEX PROCESS INVOLVING D IETARY COMPONENTS OTHER THAN COPPER 
AND MOLYBDENUM.
NEI LANDS AND ASSOCIATES ( 1 9 4 3 )  REPORTED THAT THE T O X IC IT Y  OF A 
RAT D IE T  CONTAINING 4 0  M ILLIG RAM S PER CENT MOLYBDENUM COULD BE LARGELY 
OVERCOME BY FEEDING AN AD D IT IO N A L TWO M ILL IG R A M S PER CENT OF COPPER 
TO A D IE T  ALREADY CONTAINING 7 . 7 3  M ILL IG R A M S PER CENT COPPER. OTHER 
MINERALS SUCH AS IRON, Z IN C  OR COBALT APPEARED TO BE WITHOUT EFFECT 
ON MOLYBDENUM T O X IC IT Y  BUT WHOLE L IV E R  SUBSTANCE AFFORDED A MARKED 
DEGREE OF PROTECTION,
W i t h  n e w l y  w e a n e d  r a t s  o n  a  d i e t  c o n t a i n i n g  two p p m  c o p p e r  a n d
ONE PPM MOLYBDENUM, THE AD D IT IO N  OF 8 0  PPM MOLYBDENUM TO THE D IE T  
SLOWED GROWTH AND GAVE A HIGH MORTALITY RATE. I r  3 5  PPM
3?
COPPER SERE ADDED AT THE SAME T IM E , GROWTH WAS EQUIVALENT TO THAT 
OF THE CONTROLS AND THE ANIMALS WERE NORMAL IN BEHAVIOR (COMAR
e t  a l . 1 9 4 9 ) .  U s i n g  r a d i o a c t i v e  M o 9 9 ,  p ^ f  and  C u ^ v ,  t h e  e f f e c t
OF PHOSPHORUS AND COPPER ON MOLYBDENUM METABOLISM, OF MOLYBDENUM 
AND COPPER ON PHOSPHORUS METABOLISM, AND O f  MOLYBDENUM AMD PHOS­
PHORUS ON COPPER METABOLISM WAS STUDIED IN RATS. THE RESULTS SUGGESTED 
THAT THE TOXIC ACTION OF MOLYBDENUM MAY BE DUE TO THE FOLLOWING:
( 1 )  INTERFERENCE, DUE TO LOW L IV E R  COPPER, IN ENZYME SYSTEMS NECESSARY' 
FOR SKELETAL METABOLISM, ( 2 )  IN H IB IT IO N  OF THESE ENZYME SYSTEMS BY 
MOLYBDENUM AND 0 )  COMPETITION BETWEEN PHOSPHORUS AND MOLYBDENUM 
FOR DEPOSITIO N IN BONE. ! T IS  CONSIDERED U N L I K E L Y  THAT THE TOXIC 
ACTION OF MOLYBDENUM CAN BE ACCOUNTED FOR SIMPLY BY FORMATION OF A 
COMPLEX WHICH RENDERS OTHER ELEMENTS U N AVA ILA BLE.
T h e  l i m i t i n g  e f f e c t  o f  c o p p e r  on  m o ly b d e n u m  s t o r a g e  vs as show n 
3Y C u n n iw g h am ( 1 9 5 0 ) .  He d r e n c h e d  o n e  g r o u p  o f  yo u n g  c a t t l e  g r a z i n g  
LOW-COPPER, LOT# MOLYBDENUM HERBAGE WITH SODIUM MOLYBDATE AT THE RATE 
OF 1 5 0  M ILLIGRAMS MOLYBDENUM THREE TIMES PER 'WEEK. A SECOND GROUP 
ON THE SAME GRAZING WITH THE SAME LEVEL OF MOLYBDENUM PLUS 1 0 0  
MILLIGRAMS WAS DRENCHED WITH COPPER THREE TIMES PER WEEK. AFTER 
SEVERAL MONTHS,' THE F IR S T  GROUP AVERAGED 2 6  PPM MOLYBDENUM (DRY B A S IS )  
IN  THE IB  L IVERS COMPARED WITH SEVEN PPM IN THE GROUP RECEIVING BOTH 
MOLYBDENUM AND COPPER. THE UNTREATED CONTROL GROUPS WERE FOUND TO 
CONTAIN F IV E  PPM MOLYBDENUM IN THEIR L IV E R S .
D a v i s  ( 1 9 5 0 )  s t a t e d  t h a t  t h e  h i g h  t o l e r a n c e  o f  h o r s e s  to
MOLYBDENUM IS  ILLUSTRATED BY THEIR  FAILURE TO SHOW ANY T O X IC IT Y  ON 
TART PASTURES AND THAT OF P IG S  BY A GROUP WHICH WERE FED LEVELS OF 
MOLYBDENUM AS HIGH AS 1 , 0 0 0  PPM FOR A PERIOD OF NINETY BAYS WITHOUT
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ANY IL L  EFFECTS- i M CONTRAST TO THE RESULTS W ITH P IG S ,  Ar r  f NGTGM
a n d  D a v i s  ( 1 9 5 3 )  r e p o r t e d  t h a t  t h e  i n t a k e  o f  1 ,0 0 0  p p m  o f  m o ly b d e n u m
AS SODIUM MOLYBDATE INDUCED GROSS TOXIC SYMPTOMS IN  WEANLING RABBITS  
WHEN THE D IE T  CONTAINED 2 . ?  PPM MOLYBDENUM AND 1 6 . 4  PPM COPPER,
WHEREAS LEVELS OF 1 4 0  PPM AND 5 0 0  PPM MOLYBDENUM HAD NO D IS C E R N IB LE  
EFFEC T. THE EFFECTS OF VARIOUS LEVELS OF MOLYBDENUM ON WEANLING 
RATS APPEAR TO BE VERY V A R IA B LE  DEPENDING ON THE BASAL D IE T  FED AND 
PA RTICULARLY UPON IT S  COPPER CONTENT. IT  WAS FOUND THAT THE AD D IT IO N  
OF AS L IT T L E  AS 8 0  PPM MOLYBDENUM TO A D IE T  CONTAINING TWO PPM 
COPPER IN H IB IT E D  GROWTH AND INDUCED A H IGH MORTALITY IN WEANLING 
RATS WHICH COULD BE COMPLETELY OVERCOME 9Y R A IS IN G  THE I Fi COPPER 
INTAKE BY AD DIT IO NS OF COPPER SULFATE TO THE EQUIVALENT OF 35  PPM*
T h e  EFFECT OF MOLYBDENUM OH COPPER STORAGE IN STALLED SHEEP 
WAS REPORTED BY L.EWI S AND AtLCROFT ( 1 9 5 3 ) .  THE RESULTS IN D IC A T E D  THAT 
L IV E R  COPPER STORAGE IN  THE EWE AND FETUS IS  CONTROLLED BY THE MATURE 
OF THE D IE T  RATHER THAN 8Y THE TOTAL COPPER A N d /o R  MOLYBDENUM IN T A K E .
S i  w as  f u r t h e r  f o u n d  t h a t  k a l e  f e d  to  e w e s  d u r i n g  p r e g n a n c y  h a s  am
E X IB I T I N G  EFFECT ON FETAL L IV E R  COPPER STORAGE AMD THAT THE OCCURRENCE 
OF AT AX IA  IM LAMBS IS  NOT SOLELY DEPENDENT ON DEPLETION OF COPPER IN  
EWES AND LAMBS.
U s in g  l y s i n e - d e f i c i e n t  a n d  l y s i n e - s u p p l e m e n t e d  d i e t s ,  V o h r a  a nd
Kr ATZER ( 1 9 5 7 )  REPORTED THAT THE AD D IT IO N  OF 2 4 0 0  PPM COPPER TO 
THESE D IE T S  K IL L E D  ALL TURKEY POULTS THAT CONSUMED THESE D IE T S .  IT  
WAS FURTHER IN DICATED THAT CONTRARY TO THE F IN D IN G  IN  R ATS , A D E F I ­
CIENCY OF COPPER DOES NOT CAUSE DEPIGMENTATIQN IN  TURKEY PO ULTS.
T h i s  w as  i n d i r e c t l y  c o n f i r m e d  b y  t h e  f a c t  t h a t  t h e  a d d i t i o n  o f
MOLYBDENUM t o  LYS I ME—SUPPLEMENTED D IE T S  CAUSED NO DEPIGMENTAT 30M.
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T h e  f e e d i n g  o f  1000  ppm m o ly b d e n u m  i n  t h e  d i e t  t o  t h e  p o u l t s ;  w o u ld
HAVE INTERFERED WITH THE U T IL IZ A T IO N  OF COPPER PRESENT IN THE D IE T
AMD WOULD HAVE CAUSED COPPER DEFIC IENCY SYNDROMES. ThE ONLY NOTICEABLE
EFFECT O f  THE EXCESS MOLYBDENUM WAS A SLIGHT REDUCTION IN GROWTH.
D a t a  o f  D i c k  ( 1 9 5 3 a ,  1 9 5 3 b ,  1954a)  has  show n  t h a t  t h e  l e v e l  o f
INORGANIC SULFATE IN THE D IET  IS  OF MAJOR IMPORTANCE ESPECIALLY IN 
SHEEP. On l y  i n  t h e  p r e s e n c e  of a d e q u a t e  i n t a k e s  of i n o r g a n i c  SULFATE 
IS THE l i m i t i n g  e:f f e c t  o f  m o l y b d e n u m  o n  l i v e r - c o p p e r  s t o r a g e  e x e r t e d .
I t was f u r t h e r  s t a t e d  b y  t h i s  a u t h o r  t h a t , f o r  a g i v e n  i n t a k e  Of
MOLYBDENUM, THE L lM i  TAT I OH OF COPPER STORAGE WAS PROPORTIONAL TO THE 
SULFATE CONTENT OF THE D I E T .  HE FURTHER CONCLUDED THAT MUCH FURTHER 
WORK IS  NECESSARY BEFORE THE EXACT QUANTITATIVE RELATIONSHIP AMONG 
COPPER, MOLYBDENUM AND INORGANIC SULFATE INTAKES CAN BE EVALUATED, 
ALTHOUGH IT  APPEARS PROBABLE THAT MANY OF THE APPARENT CONFLICTING 
REPORTS ON THE EFFECT OF MOLYBDENUM ON COPPER STORAGE MAY BE EXPLAINED 
ON THE BAS 13 Or DIFFERENT LEVELS OF INORGANIC SULFATE IM THE DIETS 
EMPLOYED.
S o me  e f f e c t s  of e x c e s s  m o l y b d e n u m  on t h e  n u t r i t i o n  of  t h e  r a t  
WERE STUDIED BY GRAY AND D AN IE L  ( 1 9 5 4 ) .  T h E FOUND THAT THE ADDITION  
OF METHIONINE TO THE D IE T  MARKEDLY PREVENTED THE HARMFUL EFFECTS OF 
EXCESS MOLYBDENUM, THE RELATIONSHIP BETWEEN COPPER AND MOLYBDENUM 
WAS DEMONSTRATED, AS SUPPLEMENTARY COPPER REDUCED BY APPROXIMATELY 
ONE-THIRD OF THE GROWTH DEPRESSING EFFECT OF MOLYBDENUM FED AT HIGH
l e v e l s .  S u p p l e m e n t a t i o n  o f  th e  d i e t  w i t h  b o t h  m e t h i o n i n e  a n d  c o p p e r
WAS NOR MORE EFFICACIOUS IN  COUNTERACTING THE T O X IC IT Y  THAN THE USE OF 
METHIONINE ALONE,
M i l l e r  and  P r i c e  ( 1956 ) f o u n d  t h a t  t h e  a d d i t i o n  o f  75  o r  100
PPM MOLYBDENUM TO A D IE T  WHICH CONTAINED NO INORGANIC SULFATE CAUSED
4 -0
A GROWTH DEPRESS SOM IN  THE R AT . T H IS  TOSCIC ACT SON OF MOLYBDENUM 
COULD BE A L LE V IA T E D  BY INCLUSIO N 5 N THE D IE T  OF 2 , 2 0 0  PPM SULFATE
( e i t h e r  s o d i u m  o r  p o t a s s i u m  s u l f a t e ) .  S i m i l a r  f i n d i n g s  w e r e  r e p o r t e d  
b y  V an Re e n  a n d  Wi l l i a m s  ( 1 9 5 6 ) .
D a v i e s  a n d  a s s o c i a t e s  ( 1 9 5 7 )  r e p o r t e d  t h a t  t h e  i n c l u s i o n  o f
6 , 0 0 0  PPM MOLYBDENUM 8 N A P U R IF IE D  D IE T  CAUSED AH 8 0  PER CENT DEPRES— 
S IO N  IN  THE GROWTH OF FOUR—WEEK—OLD C H IC K S , WHEN COMPARED TO CHICKS 
IN  THE CONTROL GROUP ,  BUT D ID  NOT INCREASE M O R TA LITY . An ANEMIC 
C O NDITION WAS FOUND TO BE ASSOCIATED WITH THE FEEDING OF MOLYBDENUM 
IN  EXCESS OF 2 , 0 0 0  PPM. A D D IT IO N  OF SODIUM SULFATE TO THE D IE T  
CONTAINING SUPPLEMENTAL MOLYBDENUM AT A L E V E L  OF TWO PARTS OF SULFATE 
TO ONE PART MOLYBDENUM P A R T IA L L Y  OVERCAME THE GROWTH DEPRESSING 
EFFECT CAUSED BY THE FEEDING OF THE SAME LEVEL OF MOLYBDENUM IN  THE 
ABSENCE OF THE SODIUM SULFATE. HOWEVER, THE A L L E V IA T IN G  EFFECT O f  
SULFATE ON THE AN EM IA , FOUND TO ACCOMPANY HIGH MOLYBDENUM INTAKE 
L E V E L S , WAS LESS PRONOUNCED.
Gray a n d  E l l i s  ( 1 9 5 0 ) r e p o r t e d  t h a t  h i g h  l e v e l s  o r  m o ly b d e n u m
RETARDED GROWTH IN  RATS AND THAT HIGH CONCENTRATIONS OF Z INC PRODUCED 
AM ANEMIA. THE A B IL IT Y  OF COPPER TO CORRECT T H IS  EFFECT OF MOLYBDENUM 
WAS NOT CLEARLY SHOWN, BUT THE COPPER D ID  CORRECT THE ANEMIA FROM 
HIGH LEVELS OF Z IN C .
D a n i e l  a n d  G r a y  ( 1 9 5 3 )  r e p o r t e d  t h a t  l a r g e  a m o u n ts  o f  m o ly b d e n u m ,
4 0  TO 8 0  M ILL IG R A M S PER TEN M I L L I L I T E R S  MEDIUM, IN H IB IT E D  THE GROWTH
o r  L a c t o b a c i l l u s  l e i c h m a n m i a . b u t  t h e  i n h i b i t i o n  w as  r a p i d l y  o v e r c o m e
BY R E LA T IV E LY  SMALL DOSES OF V IT A M IN  B-j2» COBALT ALONE D ID  NOT HAVE 
T H IS  EFFEC T. A D D IT IO N  OF C Y S T E IN E , G LU TATHIO N E, OR BAL ( 2 , 3 -  
D I MERC AP TOP ROP ANQL)  TO THE MEDIUM DECREASED THE IM B I B I T I O N  CAUSED BY
MOLYBDENUM. I t  WAS SUGGESTED THAT TH3S 8 MR { B I T !  OH WAS DUE TO FORMAT SON 
OF MOLY8DAYE MERCAPT IDES*
M o ly b d e n u m  a d d e d  t o  c a t t l e  r a t i o n s  a t  l e v e l s  o f  200  and  4,00
PPM MARKEDLY CHANGED THE D IS T R IB U T IO N  OF V IT A M IN  IN  L IV E R  AND
HEART TISSUES ACCORDING TO D AV IS  £ 1 ^ .  ( 1 9 5 6 ) .  ORALLY ADMINISTERED
C o ^  WAS INCORPORATED INTO V IT  AM 8 N B-jg IN  THE RUMEN AT GREATLY D IF F E R -
ING RATES DEPENDING ON THE MOLYBDENUM LEVEL OP THE R ATIO N . At HIGH
LEVELS OF MOLYBDENUM VERY L IT T L E  V IT A M IN  B .0 VIAS FORMED. B E N EFIC IA L12
RESPONSEj IN F IE L D  T R IA L S *  TO ADDED COBALT ’THEM THE FEED CONTAINED 
HIGH LEVELS OF MOLYBDENUM APPEAR TO 3£ ASSOCIATED WITH INCREASED 
V IT A M IN  B^2  SYNTHESIS FOLLOWING INCREASED COBALT CONSUMPTION,
T he  o m i s s i o n  o f  r i b o f l a v i n  a n d / o r  m o ly b d e n u m  f r o m  a 24  p e r  c e n t
CASEIN D IET  FED TO WEANLING RATS HAD MO EFFECT ON LIVEP. XANTHINE 
OXIDASE VP! THIN TWO WEEKS J A MOLYBDENUM DEF I C I ENCY IN  THE PRESENCE OR 
ABSENCE OF R IBO FLAV IN  REMOVED XANTHINE OXIDASE FROM THE INTESTINE 
ALMOST COMPLETELY, WHILE A R IBO FLAV IN  DEFIC IENCY IN THE PRESENCE OF
m o ly b d e n u m  g a v e  l e v e l s  o f  i n t e s t i n a l  enzym e w h ic h  w e re  a b o u t  o n e -  
h a l f  THE SATURATION LEVELS ACHIEVED BY A D IE T  CONTAINING BOTH MOLYB­
DENUM AND R IBO FLAV IN  ( R l  CHERT AND '.VESTERrELD, 1 9 5 3 a )»
SUMMARY
S o f t  o c d e n t  e v i d e n c e  h a s  b e e n  p r e s e n t e d  t o  s n d i c a t e  t h a t  m o ly b d e n u m  
MAY BE AN E S S E N T IAL TRACE ELEMENT I N  PLANTS AND A N IM A LS . t M ANIMALS  
MOLYBDENUM APPEARS TO BE ABSORBED, ESPECIALLY IN  THE HEXAVALENT 
WATER SOLUBLE FORM, FROM THE IN T E S T IN E  AND THE M AIN  PATHWAY OF EXCRE­
T IO N  IS  THROUGH THE U R IN E .  I I  HAS BEEN FOUND THAT SUPPLEMENTAL LEVELS 
OF LESS THAN ONE PPM HAVE INDUCED GROWTH S T IM U LA T IO N  IN  CHICKS AND 
TURKEY POULTS WHEN FED IN  D IE T S .  MOLYBDENUM HAS BEEN ID E N T IF IE D  AS 
A COMPONENT PART OF THE ENZYMES N IT R A T E  REDUCTASE, XANTHINE OXIDASE  
AND ALDEHYDE O X ID A S E . SUPPLEMENT OF MOLYBDENUM !M D IE T S  OF CHICKS 
AND RATS HAS REPORTEDLY INCREASED THE XANTHINE OXIDASE (DEHYDROGENASE) 
LEVELS IN  L IV E R S  O f CHICKS AMD R A T S . ALDEHYDE OXIDASE APPEARS TO OS 
INDEPENDENT OF D IETA R T MOLYBDENUM. T h e  TOXIC  LEVELS OF T H IS  ELEMENT 
APPEAR TO VARY IN  ANIMALS V3 5 TH THE GENUS AMD S P E C IE S .
C o p p e r  h a s  b e e n  c o n s i d e r e d  am e s s e n t i a l  d i e t a r y  c o m p o n e n t  f o r  
OVER THREE DECADES. SEEMINGLY THERE IS  L IT T L E  KNOWN ABOUT THE 
MECHANISM OF ABSORPTION OF T H IS  ELEMENT IN  THE BODY. VARIOUS ENZYMES 
SUCH AS TYR O S IN ASE , LACCASE, ASCORBIC A C ID  CX-I.DASE, AND BUTYRL Co A 
DEHYDROGENASE HAVE BEEN FOUND TO CONTAIN COPPER. THERE IS  D ISAGREE­
MENT REGARDING THE A N IM A L 'S  A B IL I T Y  TO STORE COPPER, ALTHOUGH EVERY 
ORGAN REPORTEDLY CONTAINS COPPER IN VARYING AMOUNTS. ANEMIA HAS 
BEEN ATTR IBU TED  TO A COPPER D E F IC IE N C Y .  SOME RECORD THE TO XIC  L EVEL  
OF T H IS  ELEMENT IN  THE CASE OF GROWING CHICKS AS IN EXCESS OF 1200 PPM 
WHEN ADDED TO THE R A T IO N ,
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L i t t l e  h a s  b e e n  d o n e  o n  a n i m a l  a b s o r p t i o n  of  p h o s p h o r u s  a n d  
p o t a s s i u m .  I t  h a s  b e e n  r e p o r t e d  t h a t  t h e  b o d y 8s s t o r e s  of  c a l c i u m
AND PHOSPHORUS ARE L A B IL E  AND CAN BE F IL L E D  ONLY IN YOUNG ORGANISMS 
AND THEM ONLY WHEN IN A PROPER RATIO WITH CALCIUM. IN CASES OF 
PHOSPHORUS DEFIC IENCY THERE IS REPORTEDLY COMPETITION BETWEEN THE 
SOFT TISSUES AND BONE. RESULTS HAVE BEEN PRESENTED WHICH SUGGEST 
THAT PHOSPHORUS IS MORE READILY ABSORBED IN THE PRESENCE OF V IT A M IN  D„
V a r i o u s  w a t e r  s o l u b l e  v i t a m i n s  h a v e  b e e n  f o u n d  to  i n f l u e n c e  t h e
DEPOSITION OF RADIOACTIVE PHOSPHORUS S M BONE. THE PHOSPHORUS REQUIRE”  
WENT FOR CHICKS HAS BEEN SUGGESTED AS 0 . 4 5  PER CENT OF THE RATION 
FOR YOUNG CHECKS DECREASE MG TO 0 . 3 5  PER CENT FOR GROWING PULLETS.
The  human b ody  i s  s a i d  t o  c o n t a i m  Q.1 5  p e r  c e n t  s u l f u r  i n  o r g a n i c
FORM X . E .  METHIONINE AND C YS TIN E . THE PATHWAY OF EXCRETION IS THROUGH 
THE URINE IN  WHICH TH IS  ELEMENT IS EXCRETED IN  VARIOUS FORMS. THERE 
HAS SEEN EVIDENCE PRESENTED THAT INORGANIC SULFATE STIMULATES GROWTH 
! N CHICKS AND SUGGESTS THERE MIGHT 8E A SULFATE REQUIREMENT PER SE.
T he  p o t a s s i u m  i n  t h e  b o d y  e x i s t s  as  a c e l l u l a r  c o n s t i t u e n t . 
Re p o r t e d l y  t h e r e  i s  no  l o g i c a l  e x p l a n a t i o n  as  to  how c e l l s  a c q u i r e
a n d  m a i n t a i n  t h e  c o n c e n t r a t i o n  o f  t h i s  e l e m e n t . Po t a s s i u m  p l a y s  a
v i t a l  r o l e  i n  m u s c l e s . E x c e s s  p o t a s s i u m  i s  s a i d  to  be  e x c r e t e d  b o t h
THROUGH THE URINE AMD THROUGH THE SWEAT GLANDS. A n ANIMAL REQUIREMENT
FOR POTASSIUM IS  CONSIDERED TO BE F IL L E D  FROM COMMON D IETS ft’ IT  H NO
SUPPLEMENTAT I ON R£QUI RED.
V a r i o u s  r e l a t i o n s h i p s  b o t h  s y n e r g i s t i c  ( c o p p e r  a n d  s u l f u r ) a n d
ANTAGONISTIC (MOLYBDENUM AND TUNGSTEN; MOLYBDENUM AND COPPER) HAVE 
BEEN REVIEWED.
DCPERI MENTAL
A ,  S T U D IE S  WITH De u TECTOM i ZED Ck ICKS
I n a n  a t t e m p t  to  s e c u r e  m o l y b d e n u m - f r e e  c h i c k s , v a r i o u s  m e t h o d s
HAVE BEEN USED. ! f  THERE WERE A CARRY-OVER OF T H IS  ELEMENT FROM THE 
DAM TO THE O FFSPRING , IT  WAS DEDUCED THAT T H IS  WOULD BE FOUND P R I ­
M ARILY IN THE UNABSROBED YOLK M A T E R IA L . DeuTECTOMY OR SURGICAL 
REMOVAL OF THE UNABSROBED YOLK SHOULD REDUCE THE AMOUNT OF MOLYBDENUM 
IN THE CHICK AND THUS RESULT IN CHICKS LOW IN MOLYBDENUM STORES AND 
CONSEQUENTLY A MORE C R IT IC A L  ASSAY A N IM A L . T h I S  OPERATION WAS DONE IN 
THE MANNER REPORTED BY HARVEY AND ASSOCIATES ( '1 9 5 5 )  AMD CARE AND 
FEEDING DONE AS P R E S C R IB E D  BY DENTON ET AL ( 1 9 5 0 ) ,  SpECTOR ( 1 9 4 - 8 ) ,  AND 
S p e c t o r  E£  a l  ( 1 950 ) .  W i l l i a m s  and  D e B u s k  ( 1 9 5 5 )  r e p o r t e d  t h a t  i s  was
EVIDENT FROM TH EIR  EXP ER IMENT AS THAT NEWLY HATCHED BABY CHICKS DO NOT 
HAVE SUBSTAN TIAL  STORES OF MANY NUTRIENTS AND IMMEDIATELY DEPEND ON 
THE FOOD THEY CONSUME TO SUPPLEY EVERY ITEM . USING VERY ACCURATE 
WEIGHING OF BOTH FEED AND WATER CONSUMED AND THE CARCASS GAIN  THESE 
WORKERS REPORTED GOOD RESULTS, E S P E C IALLY  FOR A S ING LE V IT A M IN  AND/OR 
AMINO ACID  D E F IC IE N C Y ,  BY EVALUATING RATIONS IN A BR IEF PERIOD OF T IM E ,
V I Z SOME AG SHORT AS A 12  HOUR DURATION AND OTHERS AT ONE OR TWO DAYS.
W i t h  t h e s e  f a c t s  i n  m in d  t h e  o p e r a t i o n  w as  p e r f o r m e d  on  36  n e w l y - h a t c h e d  
c h i c k s .  A n o t h e r  g r o u p  o f  c h i c k s  o f  e q u a l  s i z e ,  u n o p e r a t e d ,  was
USED AS CONTROLS. IN D IV ID U A L  FEED AND WATER CONSUMPTION WAS RECORDED 
FOR 2 4 ,  4 8 ,  AND 7 2  HOURS. A SLURRY WAS MADE USING ONE GRAM OF THE 
PRACTICAL CORN-SOYBEAN MEAL TYPE BROILER RATION (SHOWN IN T ABLE l )
AA
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AND TWO M ILLIL ITER S O f WATER. EACH M ILL IL IT E R  OF SLURRY CONTAINED 
0 .3 8  GRAM OF FEED AND 0 .7 6  M ILL IL IT E R  OF WATER. The CHICKS WERE 
FORCED-FED USING A HYPODERMIC SYRINGE WITH A LATEX RUBBER TUBE.
TABLE I
P r a c t i c a l  T y p e  Ch i c k  D i e t  Us e d
I n g r e d i e n t P e r  C e n t
Y e l l o w  Co r n  Me a l 5 8 .5 0
S o y b e a n  Me a l  (50% p r o t e j -m ) 2 7 .4 0
Me n h a d e n  F i s h  Me a l 3 . 0 0
Al f a l f a  L e a f  Me a l 3 . 0 0
D i c a l c i u m  P h o s p h a t e 2 . 0 0
O y s t e r  S h e l l  F l o u r 1 . 0 0
S o d i u m  C h l o r i d e 0 .5 0
An i m a l  F a t jL#  0 0
BACIFERM 10 0 .0 5
D a w e s  F o r b e e 0 .1 5
V i t a m i n  8 - jp  S u p p l e m e n t  ( 1 2  m g / l b ) 0 .0 5
V i t a m i n  A  (1 0 ,0 0 0  U .S .P . / l b ) 0 .0 5 3
V i t a m i n  D (2 0 ,0 0 0  I . U . / l s ) 0 . 0 1 2
V t t a m lh  E (2 0 .0 0 0  I . U . / l b ) 0 .0 2 5
Ch o l i n e  C h l o r i d e 0 .1 6 0
Me t h i o n i n e 0 . 0 5 0
N i c a r s a z INE 0 .0 5 0
T o t a l 1 0 0 .0 0 0
F e e d s  mg r a t e s  t o r  v a r i o u s  g r o u p s  w e r e  a d  l i b i t u m .  a n d  i n  t h e  c a s e  o f
THE FORCED-FED CHICKS 1 . 5 2 ,  3 . 0 - 4 ,  AND 4 . 5 6  GRAMS PER DAY. THE D A IL Y  
WATER INTAKE WAS AD L I B I T U M .  AND IN  THE CASE OF THE FORCED-FED CHICKS 
3 . 0 4 ? 6 . 0 8 ,  AND 9 . 1 2  M I L L I L I T E R S ,  R ES P E C T IV E LY . T h e  FORCED-FED CHICKS 
WERE D03ED EVERY FOUR HOURS FOR 16  HOURS PER DAY. T h e  L IS H T S  WERE 
TURNED OFF FOR THE REM AIN ING  EIG H T HOURS. THE RESULTS OF T H IS  STUDY 
ARE PRESENTED IN TABLE M .
TABLE n
R e s u l t s  O b t a i n e d  F ro m  S h o r t  T e r m  F e e d i n g  T r i a l
No r m a l  Ch i c k s  ( G a i n  i n  G r a m s )
Da il y 24  H o w  Ga in 4 8  Ho u r  G a in 72 Ho u r  G a in
F e e d L o t L o t L o t
\ NTAKE 1 2 3 1 2 3 1 2 3
km 3 4- 4 8 12 8 21 13 18
1 .5 2  GM 0 0 0 0
r * ,s 2 -2 0 0
3.04 gm 3 3 2 2 2 3 5 5 3
4.56 GM 4 5 5 6 5 6 8 9 6
D e u t e c t o m i z e d  C h ic k s
Da il y 4 8  Ho u r  G a in 72  Ho u r  G a in
F e e d L o t L o t L o t
IN T  AKE 1 2 3 1 2. 3 1 2 3
A d  L i b . — - 2 —2 5 0 -2 9 0 -5
1 .5 2  GM 1 1 0 0 0 2 0 -1
3.04 GM 4 2 2 5 2 3 2 6 4
4.56 GM 5 1 5 4 1 4 4 10 7
No n e  o f  t h e  s t a t i s t s  s a l  p r o c e d u r e s  o f  a n a l y s i s  h i  a n y  o f  t h e
STUDIES NECESSARILY TREAT THE DATA AS BE 0 NG ORTHOGONAL* S T A T IS T IC A L  
ANALYSES OF VARIANCE AS DESCR I QED BY SnEDECOR ( 1 9 5 6 )  WERE MADE OF TH IS  
STUDY AND REVEALED HIGHLY S IG N IF IC A N T  DIFFERENCES OCCURRING BETWEEN 
TREATMENTS IS I TH IN  ( a )  T IM E  ( j , . g , .  2 4 ,  4 8  AND 7 2  HOUR FEE D IN G  P E R IO D S )*
( b ) c o n d i t i o n  ( n o r m a l  v e r s u s  d e u t e c t o m i z e d ) a m d  ( c )  F e e d i n g  l e v e l s  u s e d .  
T h i s  a n a l y s i s  o f  v a r i a n c e  i s  shousn i n  T a b l e  H i
TABLE 1H
An a l y s i s  o f  V a r i a n c e  on  G a i n  O b t a i n e d  
i n  S h o r t - T e r m  F e e d i n g  E x p e r i m e n t
D e g r e e s  o f  Me ,an F
S o u r c e  F r e e d o m  S q u a r e  V a l u e
T o t a l  23
W i t h i n  T i m e  ( 2 4 * 48  a n d  72  h o u r
F e e d i n g  p e r i o d s ) 2
No r m a l  v s  D e u t e c t o m i z e d  c h i c k s  1
Be t w e e n  F e e d i n g  L e v e l s  3
Er r o r  17
* *  S i g n i f i c a n t  a t  0 . 0 1  l e v e l  o f  p r o b a b i l i t y
F u r t h e r  a n a l y s e s  o f  v a r  i a m c e  ora t h e  g r o u p s  o f  n o r m a l  c h i c k s
REVEALED THE FOLLOWING* A? 2 4  HOURS THE AD L I B I T U M  METHOD OF F E E D IN G  
WAS FOUND TO BE HIGHLY S IG N IF IC A N T L Y  SUPERIOR TO THE 1 . 5 2  GRAM D A IL Y  
INTAKE BUT NOT S T A T IS T IC A L L Y  D IF F E R E N T  FROM THE 3 . 0 4  OR 4 . 5 6  GRAM 
D A IL Y  IN TAKE; THE 4 . 5 6  GRAM D A IL Y  INTAKE PROVED TO BE HIGHLY S I G N I F I ­
CANTLY SUPERIOR TO THE 1 . 5 2  GRAM D A IL Y  INTAKE AND S T A T IS T IC A L L Y
6 3 . 4 0  
1*^0*1!0 
1 1 7 . 3 0  
5 .1 1
1 2 . 4 3 * *
2 3 . 5 5 * *
2 3 . 0 0 * *
S1GNIF JCAMTLY SUPERIOR TO THE 3  = 0 4  GROM D A ILY  INTAKE*
A t  4.8 HOURS AND 72  HOURS, THE AD L IB IT U M  METHOD OF FEEDING ©AS 
FOUND 70 BE HIGHLY S IG N IF IC A N T LY  SUPERIOR TO ALL THREE LEVELS OF 
FORCED—PEED I MG. I l l  EACH CASE, THE 4 * 5 6  GRAM D A IL Y  INTAKE LEVEL ©AS 
HIGHLY S IG N IF IC A N T LY  SUPERIOR TO THE 3 * 0 4  GR AM LEVE L, WHICH IN TURN 
WAS HIGHLY S IG N IF IC A N T LY  SUPERIOR TO THE 1 * 5 2  GRAM D AILY  INTAKE LEVEL 
OF RATION.
I n  t h e  c a s e  o f  t h e  d e u t e c t o m i z e d  c h i c k s  i t  w a s  f o u n d  t h a t  a f t e r  
24  HOURS THE 4 * 5 6  GRAM D A ILY  INTAKE LEVEL WAS SUPERIOR, BUT NOT 
S IG N IF IC A N T L Y , TO THE 3 . 0 4  GRAM LEVEL; HOWEVER, T H I S  HIGHEST LEVEL 
OF FORCED—FEED INS WAS HIGHLY 3 I G N I F I C A N T L Y  SUPERIOR TO BOTH THE 1 , 5 2  
GRAM D A ILY  INTAKE LEVEL AND THE AD L IB IT U M  FEEDING. St  OS BELIEVED 
THE REASON THAT AD L IB IT U M  FEEDING D ID  NOT HAVE THE SAME EFFECT AS 
WITH THE NORMAL CHICKS IS THAT THE OPERATION WAS A RATHER SEVERE 
SHOCK TO THE BIRDS AND THAI A LONGER PERIOD WAS REQUIRED TO OVERCOME 
T H IS  SHOCK.
A f t e r  p e r i o d s  o f  48  a n d  72 h o u r s ,  t h e r e  w a s  f o u n d  t o  be  no
S T A TIS T IC A LLY  S IG N IF IC A N T  DIFFERENCES IM AMY OF THE FEEDING METHODS.
T h e  d a t a  p r e s e n t e d  i n  Table il r e v e a l s  c o n s i d e r a b l e  d i f f e r e n c e s  i n
RATES OF GAIN BUT DUE TO THE LARGS AMOUNT OF VARIATION W IT H IN  EACH 
FEED LEV E L, THE APP ARENT DIFFERENCES ARE NOT S T A T IS T IC A LLY  S IG N IF IC A N T .
I t  <3 as  a p p a r e n t  t h a t  ad  l  i a a tu m  f e e d i n g  w o u ld  n o t  a d e q u a t e l y
SUPPORT GAIN IN  AN EXPERIMENT O f  SUCH SHORT DURATION. FORCED-FED 
CHICKS, ESPECIALLY THOSE FED AT HIGHER LEVELS WERE FOUND TO HAVE 
"PACKED CROPS", AND THE WEIGHTS PROBABLY DSD NOT ADEQUATELY REFLECT 
CARCASS G A IN , On POST —MORTEM EXAMINATIONS IT  WAS ALSO OBSERVED THAT,
IN MANY OASES, SEVERE QyLLET LESIONS WERE FOUND 0HOGH V3ERE DUE TO
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THE FORCING THE SMALL RUBBER TUBE INTO THE CROP OF THESE YOUNG C H IC KS.
T h i s  a p p r o a c h  to  t h e  p r o b l e m  o* o c t a i m i n g  m o l y b d e n u m  d e f i c i e n t  c h i c k s
AND USING T H IS  SHORT TERM METHOD FOR AT t £i.in TING TO DETERMINE GAIN  
DIFFERENCES WAS ABANDONED AT T H IS  P O IN T .
S u m m a r y
S h o r t  t e r m  e x p e r i m e n t a l  s t u d i e s  w e r e  m a d e  w i t h  d e u t e c t o m s z e d
AND CONTROL C H IC K S , IM WHICH AD L IB IT U M  AND A FORCED—FEEDS MG TECHNIQUE 
WAS USED. IT  SI AS FOUND THAT THE DEUTECTQMIZED CHICKS GREW AT A 
S IG N IF IC A N T L Y  SLOWER RATE THAN D ID  THE CONTROL CHICKS REGARDLESS 
OF THE METHOD OF FEED IN TAK E. ALTHOUGH S IG N IF IC A N T  DIFFERENCES WERE 
FOUND BETWEEN THE FEEDING LEVELS IN DOTH THE DEUTECTOMI ZED AMD CONTROL 
C H IC K S , ST WAS FELT THAT 7 H IS  TYPE OF PLAN WOULD NOT BE A FEA S IB LE  
METHOD FOR MOLYBDENUM S T U D IE S .
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3 .  T u m g s t a t s  S u p p l e m e n t a t i o n  of Br e e d e r  He n s
I n an e f f o r t  to o b t a i n  m o l y b d e n u m  d i f i c i e n t  c h i c k s , i t  was
DECIDED TO ADD A REPORTED MOLYBDENUM ANTAGONIST SUCH AS SODI'JM TUNG ST ATE
( H i g g i n s  e t  a l  1 9 5 6 a , b ,  L e a c h  a n d  No r r i s  1 9 5 7 ,  a n d  Kqtjen 1 9 5 8 )  to  t h e
D IE T  OF BREEDER HENS. h '  WAS FELT THAT TH IS  METHOD WOULD Y IE L D  CHICKS 
S U FF IC IE N TLY  D E P L E T E D  30  THAT THEY COULD BE USED SATISFAC TO R ILY  FOR 
MOLYBDENUM ASSAY.
T he  p u r p o s e  o f  t h i s  s t u d y  was t o  d e t e r m i n e  t h e  e f f e c t  o f  s u p p l e ­
m e n t a l  T U N G S T E N  ( A S  S O D I U M  TUMGSTATE) IN T H E  D I E T S  OF B R E E D E R  H E N S .
S i x t y  Wh i t e  Pl y m o u t h  Ro c k  h e n s  were  o b t a i n e d  a n d  d i v i d e d  i n t o  
two g r o u p s . One  g r o u p ,  c o n s i s t i n g  of 25  h e n s  was f e d  a c o r n - s o y b e a n  
m e a l  t y p e  b r e e d e r  r a t i o n  ( T a b l e  IV )  a n d  t h e  o t h e r  g r o u p  of  35  h e n s
WAS F E D  T H I S  S A M E  R A T I O N  W H I C H  YslAS S U P P L E M E N T E D  ' W I TH  2 5 0  P A R T S  P E R  
M I L L I O N  ( H E R E A F T E R  R E F E R R E D  TO AS P P M )  T U N G S T E N ,  AS S O D I U M  T U M G S T A T E .
F o ur  m a l e s  w ere  p l a c e d  w i t h  t h e  f i r s t  g r o u p  an d  f i v e  w i t h  t h e  l a t t e r
GROUP, WITH TEN MALES IN RESERVE WHICH WERE FED A MOLYBDENUM SUPPLE­
MENTED RATION. The  MALES IN THE TUMGSTATE FED PENS WERE CHANGED EVERY 
THREE DAYS. T H IS  WAS DONE IN ORDER TO INSURE MAXIMUM F E R T IL IT Y  OF 
EGGS FROM HEMS FED THE TUNGSTEN SUPPLEMENTED D IE T .  EGGS WERE COLLECTED 
BY TRAP NEST FOR THE DURATION OF THE T R IA L .  I n  ORDER TO DETERMINE 
THE EFFECT OF THE SODIUM TUMGSTATE, IT  WAS DECIDED THAT PERIO DICALLY 
A HEN WOULD BE SACRIFICED AND XANTHINE DEHYDROGENASE CONCENTRATION 
WOULD BE DETERMINED ON THE L IV E R ,  KIDNEY AND THE IN TESTINE ( a  SEGMENT 
DIRECTLY POSTERIOR TO THE DUODENAL LOOP WAS U S E D ). THE WARBURG 
MANOMETRIC TECHNIQUE DESCRIBED BY UmBR I ET ET AL ( 1 9 5 7 ) ,  REMY ET AL.
( 1 9 5 1 ) ,  Remy and W e s t e r f e l d  ( 1 9 5 1 ) ,  R i c h e r t  and  W e s t e r f e l d  ( 1 9 5 3 a , b ) ,  and 
De R e n z o  e t  a l  ( 1 9 5 3 c ) ,  u s i n g  im p r o v e d  m a n o m e t r i c  f l u i d  as d e s c r i b e d  by
TABLE IV
P r a c t i c a l  T y p e  He m  Br e e d e r  R a t i o n
IN G R E D I E N T P e r  Ce n t
Y e l l o w  C o r n  Me a l j  sr r oa y  ̂
S o y b e a n  Me a l  (50%  p r o t e s t ) 2 2 . 0 0
G r o u n d  C a t s /V"». Af iA-W £ ^0^
D s c a l c  sum  P h o s p h a t e 4 . 0 0
O y s t e r  S h e l l  F l o u r 2 . GO
S o n  sum  C h l o r i d e 1 . G G
Me n h a d e n  F i s h  Me a l 2 . 5 0
Al f a l f a  L e a f  Me a l 2 . 5 0
B a g i f e r  1 0 0 . G 5
D a ®e e  F o r b e e 0 . 1 5
V i t a m i n  S u p p l e m e n t  ( 1 2  uq / l b ) 0 . 0 5
M a n g a n e s e  S u l f a t e 0.024
V i t a m i n  £  ( 2 0 , 0 0 0  L U . / l b ) 0 , 0 1 2
V i t m i n  D  ( 2 0 , € 0 0  1 . U . / t o ) 0 , 0 2 5
V i t a m i n  A ( 1 0 , COO U „ S . P . / u 3 ) 0 . 0 S 3
C h o l i n e  C h l o r i d e 0 . 1 6 0
T o t a l  1 0 0 . 0 0
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K r e b s  ( 1 9 5 1 )  s a g  u s e e  i k  t h e  d e t e r m i n a t i o n s * M j c h a e l i s ® Un i v e r s a l  
BUFFER, PH 7 . 4  WAS USED AS THE MEDIUM WITH 0 * 0 5  M IL L  S L ITER S OF 0 * 0 5  
MOLAR X A N T H IN E , D ISSO LVED  IN' 0  .0 5  MOLAR SODIUM H YDRCX 8 E'E». AS THE 
SUBSTRATE. T h e  T IS S U E  D IL U T IO N  WERE ONE PART T IS S U E  TO TEN PARTS 
MEDIUM FOR L IV E R  AND KIDNEY AND ONE PART T ISS U E TO F IV E  PARTS M ED IU M  
FOR THE IN T E S T IN E .  An INCUBATIO N PE R IO D  OF 4-0 M INUTES WAS ALLOWED 
AT WHICH T IM E THE SUBSTRATE WAS T IP P E D  I N ,  AND READINGS TAKEN. THE 
F IN A L  READINGS WERE MADE 2 0  MINUTES AFTER THE I N I T I A L  READING AND THE 
ENDOGENOUS OXYGEN CONSUMPTION WAS ROUTINELY DETERMINED ON A FLASK 
WHICH D IB  NOT CONTAIN THE SUBSTRATE.
X a n t h i n e  d e h y d r o g e n a s e  l e v e l s  w e r e  e x p r e s s e d  i n  c u b i c  m i l l i m e t e r s
OF OXYGEN CONSUMED PER 2 0  M INUTES PER 1 0 0  M IL L IG R A M S  OF FRESH T IS S U E .
T i s s u e  dry w e i g h t s  were not u s e d  since R e m v  and We s t e r f e l d  ( 1 9 5 1 )
REPORTED THAT CALCULATION OF XANTHINE DEHYDROGENASE A C T I V I T I E S  ON A 
DRY WEIGHT B A S IS  BID MOT ALTER THE COMPARATIVE R ESULTS. THE RESULTS 
OF THESE DETER M IN ATIO N S ARE PRESENTED IN TABLE V .
A f t e r  1 0  d a y s  o n  t h i s  t u n g s t a t e  s u p p l e m e n t e d  r a t i o n  i t  d i d  n o t
APPEAR THAT ANY S IG N IF IC A N T  CHANGES HAD RESULTED IN  THE XANTHINE
DEHYDROGENASE LEVELS. I t  WAS THEN DEC IE E E  TO DOUBLE THE SUPPLEMENTAL  
LEVEL OF TUNGSTEN, THAT 1 3 ,  THE A D D IT IO N  OF 5 0 0  PPM TUNGSTEN. THE  
MAROMETRIC METHOD OF D ETER M IN IN G  THE ENZYME A C T IV IT Y  WAS CO NTIN UED . THE
RESULTS ARE SHOWN IN  TABLE V 5 ,
S i n c e  t h e  x a n t h i n e  d e h y d r o g e n a s e  v a l u e s  w e r e  e x t r e m e l y  l o w  a f t e r
A PERIO D OF 3 0  D AY S, IT  Si AS F ELT  THAT T H IS  SHOULD 8E A S U F F IC IE N T  
LENGTH OF T IM E  TO * DEPLETE”  THESE HENS OF MOLYBDENUM. ! f  T H IS  WERE TRUE 
THE PROGENY HATCHED FROM THE HENS WOULD BE EXPECTED TO BE MOLYBDENUM 
D E F IC I  ENT.
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TABLE V
X a n t h i n e  D e h y d r o g e n a s e  L e v e l s  o f  V a r i o u s  T i s s u e s  F ro m  H e n s  C o n s u m in g  
F e e d  C o n t a i n i n g  250  ppm S u p p l e m e n t a l  T u n g s t e n
D a y s D i l u t i o n X a n t h i n e  D e h y d p .g g f . n a s i ;  Act 1 v i . i t
F e b OF P e r P e r  100 Per m  N
R a t i o n T IS S U E TIS S U E F l a s k m g  T i s s u e i n  S a m p l e
0 L i v e r 1:10 45.63 26.87
K i d n e y 1 :1G 4 1 * 3 2 24.30 -
I n t e s t i n e 5 • J1 27.99 8.23 -
0 L i v e r 1 :10 37.04. 51.20 20.98
K i DNEY 1 :1C 74.92 44.07 20.78
I n t e s t i n e 1*5 30.51 15.25 8.59
1 L i v e r 1 * 1 0 67.73 • 39.84
K i d n e y 1*10 40.37 23.73 -
I n t e s t i n e 1 *5 26. S4 7.89
3 L iver 1 *10 70.2? 41.29 12,20
K i d n e y Is  10 57.81 34.01 9.16
I n t e s t i n e 1*5 18.35 9.17 1.56
5 L i v e r 1 :10 79.46 46.74 13.36
K i d n e y 1 *10 53.92 31.72 3.10
S NTESY1NE 1 s5 18.08 9.04 1.34
7 L i v e r 1 :1C 84.09 49 4-7 15.04
K i d n e y 1 *10 41.00 24.12 7.27
I n t e s t i n e 1*5 13.08 9.04 1.34
10 L i v e r 1 *10 82.70 43.64 12,41
K i d n e y 1 *10 69.99 41.17 9.87
1N TEST1N£ 1 i ‘J 10.50 5.25 1.03
w X a n t h i n e  d e h y d r o g e n a s e  a c t i v i t i e s  a r e  r e c o r d e d  i n  c . m m .  o f  0 ^
CONSUMED PER 2 0  M INUTES.
Al l  v a l u e s  r e p r e s e n t  d u p l i c a t e  d e t e r m i n a t i o n s  f o r  e a c h  t i s s u e ,
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TABLE V S
X a n t h i n e  D e h y d r o g e n a s e  L e v e l s  o h  V a r i o u s  T i s s u e s  F ro m  H ens C o n s u m in g  
F e e d  C o n t a i n i n g  5 0 0  ppm Su p p l e m e n t a l  T u n g s t e n
D a y s  D i l u t i o n  X a n t h i n e  De h y d r o g e n a s e  A c t i v i t y 8-
F e d  of  P e r  Pe r  1 0 0  P e r  mg N
R a t io n '®  T i s s u e  T i s s u e  F l a s k  m g  t i s s u e  i n  s a m p l e
3 L i v e r 1 * 1 0 9 6 .  C6 5 6 .6 0 1 8 . 0 9
K i d n e y 1 : 1 0 4 3 . 6 5 2 5 .6 8 8 . 8 9
INTESTINE 1 *5 2 9 . 2 5 1 4 . 6 2 1 . 7 8
6 L i v e r 1 *10 6 9 .6 9 4 0 . 9 9 1 1 .7 1
K i d n e y 1 *1 0 5 8 . 7 7 3 4 . 4 2 1 0 . 7 4
I n t e s t i n e 1 : 5 6 .2 1 3 .1 1 0 . 9 1
8 L i v e r 1 *10 8 1 . 5 2 4 7 . 9 5 1 4 .1 5
K i d n e y 1 * 1 0 4 8 .7 4 2 8 . 6 7 9 . 3 7
I n t e s t i n e 1 * 5 8 . 5 0 4 . 2 5 1 . 3 2
1 0 L i v e r 1 *1 0 5 1 .4 1 3 0 . 0 3 7 . 7 5
K i d n e y 1 * 1 0 6 .9 6 4 .1 G 1 . 2 3
8NTESTJNE 1 : 5 1 . 5 3 0 . 7 7 0 . 2 1
13 L i v e r 1 * 1 0 5 . 2 0 3 . 0 6 0 . 8 9
K i d n e y 1 : 1 0 1 2 . 4 4 7 . 3 2 2 . C 6
I n t e s t i n e 1 : 5 1 5 .C 4 7 . 5 2 1 .7 1
17 L | v e r 1 : 1 0 1 4 . 4 9 8 . 5 2 2 . 4 6
K i d n e y 1 * 1 0 1 4 . 2 0 8 . 3 6 2 . 3 6
I n t e s t i n e 1 : 5 4 . 5 4 2 . 2 7 0 .5 1
2 0 L j VER 1 * 1 0 7 . 2 5 4 . 2 6 0 . 8 6
K i d n e y 1 * 1 0 1 0 . 1 6 5 . 9 8 1 . 7 4
IN T E S T lhe 1 $5 3 .  CO 1 . 5 0 0 . 3 9
Day© s u b s e q u e n t  t o  a d d i t i o n  o f  5 0 0  p p m  t u n g s t a y e  
*  X a n t h i n e  d e h y d r o g e n a s e  a c t i v i t i e s  a re  r e c o r d e d  i n  c ,  mm. o f  0 ?  
CONSUMED PER 2 0  M IN U T E S .
A l l  v a l u e s  i n  t h i s  t a b l e  r e p r e s e n t  d u p l i c a t e  d e t e r m i n a t i o n s  f o r  e a c h
T IS S U E .
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A t  a l a t e r  d a t e ,  1 0 0  W h i t e  P l y m o u t h  R o c k  p u l l e t s  s e r e  t r e a t e d  a b  
f o l l o w s .  S i x t y  o f  t h e s e  p u l l e t s  a l o n g  w i t h  1 5  m a le s  w e r e  p l a c e d  o n  
TUNGSTEN SUPPLEMENTED RAT SON ( 5 0 0  PPM TUNGSTEN). EACH MALE REMAINED 
WS TK THE HENS FOR THREE DAYS AND WAS REMOVED AND FED A MOLYBDENUM 
SUPPLEMENTED D IE T  FOR S I X  DAYS. FORTY HENS WERE FED AIN UMSUPPLE- 
MENTED RATION AND USED AS CONTROLS. AFTER A 3 0 “ BAY DEPLETION P E R IO D , 
THE EGGS WERE COLLECTED 8Y TRAP NEST. THEY SERE THEN INGUOATED AND 
THE CHICKS USED FOR GROWTH T R IA L S ,
F or  S IM P L IC IT Y  THE p r o g e n y  f r o m  t h e  h e n s  f e d  t h e  b r e e d e r - t y p e  
RATION SHALL BE REFERRED TO AS K MOM—SUPPLEMENTED CHICKS’* AMD THE 
PROGENY f r o m  THE HENS FED THE BREEDER-TYPE RATION PLUS ADD!V tOMAL 
TUNGSTEN SHALL BE REFERRED TO AS WTUNGSTATE SUPPLEMENTED C H IC K S * .
I t s h o u l d  b e  p o i n t e d  o u t  t h a t  NEITHER 25c PPM NOR 500 PPM s u p p l e m e n t a l  
TUNGSTEN HAD ANY APPARENT EFFECT OH THE RATE OF EGG PRODUCTION OR THE 
PEP> GENT H A T C H A B IL IT Y .
I n o r d e r  t o  d e t e r m i n e  t h e  e f f e c t  o f  t u n g s t e n  s u p p l e m e n t a t i o n
ON THE G A IN  OF CHICKS AND ON THE XANTHIN DEHYDROGENASE LEVE LS , AS
MEASURED MANOV5ETRICALLY, TWO CHICK T R IA L S  OF FOUR-WEEKS DURATION WERE 
RUN. THE RATIONS USED WERE THE PRACTICAL BREEDER—TYPE R AT IO N S, ON 
WHICH THE DAMS SERE FED , AS SHOWN IN  TABLE I V .  ^A N T H IN E  DEHYDROGENASE 
DETERMS NATIONS WERE MADE FROM RANDOM SAMPLES OF THE t!fTUNG8T ATE SUPPLE­
MENTED1* AMD "NGN-SUPPLEMENTED** CHICK® AT THE BEGINNING AND AT THE END 
OF THE FOUR-WEEK T R IA LS  IN THE MANNER PREVIOUSLY D ESCR IBES, USING THE
Wa r b u r g  c o n s t a n t  v o l u m e  r e s p i r o m e t e r .
T h e  c h i c k s  w e r e  grown  i n  s t a r t e r - t y p e  b a t t e r y  b r o o d e r s  e q u i p p e d
WITH R AISED WI RE SCREEN FLOORS. ThE BIRDS WERE WEIGHED AT BI-WEEKLY  
INTERVALS AND IN D IV ID U A L  G A IN  AND FEED CONVERSION DATk  WERE COLLECTED.
Al l  c h i c k s  w ere  f u r n i s h e d  f e e d  a n d  w a t e r  ad  l i b i t u m .  T h e  f i r s t  t r i a l
INVOLVED 1 0  LOTS OF EIGHT CHICKS EACH.
As PREVIOUSLY MENTIONED THE wTUNGSTEN—SUPPLEMENTED CHICKS”  AND 
"NON—SUPPLEMENTED CHICKS" WERE TESTED ON BOTH THE PRACTICAL BREEDER 
RATION AND THE BREEDER RATION PLUS 5 0 0  PPM SUPPLEMENTAL TUNGSTEN. ! f l  
T H IS  WAV THE RATION TREATMENT AS WELL AS THE DAM TREATMENT WAS 
EVALUATED. T he  FOUR-WEEK GAIN AND FEED CONVERSION DATA ARE SHO»N IN
T a b l e  V I I .
TABLE V ! I
Re s u l t s  of  t h e  S t u d y  Co n c e r n i n g  t h e  Ef f e c t  o f  T u n g s t e n  S u p p l e m e n t a t i o n  
on  Ga i n ,  F e e d  Co n v e r s i o n ,  a n d  Dam T r e a t m e n t  o f  F o u r -W e e k - O l d  Ch i c k s
F e d  A Br e e d e r  T y p e  R a t i o n
D am
T r e a t m e n t
Br e e d e r
R at  son
Br e e d e r  R a t i o n  
+  T u n g s t e n
(Gr a m s ) (Gr a m s )
NON—SUPPLEMENTED 3 8 9 . 7 ( 2 . 2 3 ) * 2 4 5 . 8 ( 3 . 1 2 )
T u n g s t e n  Su p p l e m e n t e d 3 5 5 . 5 ( 2 . 4 8 ) 2 5 8 , 2 ( 2 . 9 9 )
^ F i g u r e s  i n  p a r e n t h e s i s INDICATE FEED CONVERSION,
A s t a t i s t i c a l  a n a l y s i s  o r  v a r i a n c e  o f  t h e  d a t a  o b t a i n e d  i n  t h i s  
TRIAL IS  SHOWN IN T  ABLE V M S .  S T WAS FOUND THAT THE TUNGSTEN SUPPLE­
MENTATION CAUSED .A HIGHLY’ S IG N IF IC A N T  DECREASE IN  THE RATE OF GAIN  
FOR THE FOUR-WEEK-OLD BIRDS FROM BOTH DM1 TREATMENTS. THE ANALYSIS  
OF VARIANCE ALSO REVEALED THAT THE CHICKS FROM THE DAMS FED THE TUNGSTEN 
SUPPLEMENTED BREEDER RATION GREW AT A S IG N IF IC A N T LY  SLOWER RATE THAN 
D ID  THE CHICKS FROM DAMS FED THE UNSUPPLEMENTED BREEDER RATION, THE
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T A B L E  V I I I
An a l y s i s  o f  V a r i a n c e  S h o w i n g  E f f e c t  o f  5 0 0  p p m  T u n g s t e n  o n  R a t e  o f  G a i n  
o n  F o u r -1?e e k  Ol d  Ch i c k s  o n  Br e e d e r  T y p e  R a t i o n
So u r c e
De g r e e s  o f
F r e e d o m
Me a n
S q u a r e
F
V ALUE
To t a l 7 9 - -
Be t w e e n  T r e a t m e n t s 3 1 0 1 ,4 . 6 0 . 1 0 * *
Now- s u p p l e m e n t e d  v s  S u p p l e m e n t e d  
Ef f e c t  o f  R a t i o n  o n  Gro w th 1 2 9 0 . 8 1 7 2 . 6 6 *
Now- s u p p l e m e n t e d  v s  S u p p l e m e n t e d  
Ef f e c t  o f  Dam o n  Un s u p p l e m e n t e d  
D i e t 1 1 1 . 7 6 . 9 7 *
Now - s u p p l e m e n t e d  v s  S u p p l e m e n t e d  
Ef f e c t  o f  D am o n  T u n g s t e n  D i e t 1 2 . 4 1 .4 1
Er r o r 7 6 1 . 7 -
^ S i g n i f i c a n t  a t  0 . 0 5  l e v e l  o f  p r o b a b i l i t y .
* * S l G N ! F I  CANT AT 0 . 0 1  L E V E L  OF P R O B A B IL IT Y .
RATION TREATMENT OF THE DAMS D ID  NOT APPEAR TO AFFECT THE RATE OF GAIN 
OF THE CHICKS FED THE TUNGSTEN SUPPLEMENTED RATION BUT THESE GAINS 
WERE INFERIOR TO' THOSE EXPERIENCED ON THE UNSUPPLEMENTSD R AT IO N ,
An a n a l y s i s  o f  v a r i a n c e  w a s  m a d e  on  t h e  f e e d  c o n v e r s i o n  d a t a  o f  
t h i s  t r i a l .  T h i s  a n a l y s i s  i s  p r e s e n t e d  i n  T a b l e  IX ,
Th e r e  was a  s i g n i f i c a n t  d e p r e s s i o n  o f  f e e d  c o n v e r s i o n  w hen  t h e
TUNGSTEN WAS FED TO THE C HICKS. THERE WAS ALSO A S IG N IF IC A N T  DAM 
EFFECT E X H IB IT E D  ON THE FEED CONVERSION ON THE FOUR-WEEK-OLD C H IC K S .
I n  t h e  c a s e  of b o t h  t h e  u n s u p p l e m e n t e d  a n d  t u n g s t e n  s u p p l e m e n t e d
R A T  IONS, ST WAS FOUND THAT THE SUPPLEMENTAL LEVEL OF TUNGSTEN FED TO
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TABLE IX
An a l y s i s  o f  V a r i a n c e  S h o w in g  E f f e c t  of t h e  Su p p l e m e n t a t e  on  o f  5 0 0  p p m  
T u n g s t e n  on F e e d  Co n v e r s i o n  of  F o u r -W e e k -O l d  Ch i c k s  F ed  A
Br e e d e r  T y p e  R a t i o n
So u r c e
De g r e e s  o f  
F r e e d o m
Me a n
Sq u a r e
F
V ALUE
To t a l 7 - «.
Be t w e e n  T r e a t m e n t s 3 3 8 . 1 5 4 8 . 5 9 *
No n - s u p p l e m e n t e d  v s  Su p p l e m e n t e d  
Ef f e c t  o f  R a t i o n  on F e e d  Co n v e r s i o n 1 5 0 . 5 0 6 4 , 3 3 *
Mo n - s u p p l e m e n t e d  v s  S u p p le m e n te d  
E f f e c t  o f  Dam on  U n s u p p le m e n te d  
D i e t 1 5 0 .4 1 6 4 . 2 1 *
Mo n - s u p p l e m e n t e d  v s  Su p p l e m e n t e d  
Ef f e c t  of  D am on T u n g s t e n  D i e t 1 6 2 .4 1 7 9 . 5 0 *
Erro r 0 . 7 9
^'S i g n i f i c a n t  a t  0 . 0 5  l e v e l  of p r o b a s i l « TY,
THE HENS RESULTED IN  A S T A T IS T IC A L L Y  S IGM L" ) CANT d e p r e s s ; on  I M 7 ELD
CONVERSION OF C H ICKS FED BOTH R A T IO N S .
A t  t h e  t i m e  o f  h a t c h i n g ,  x a n t h i n e DEHYDROGENASE AG T 5 V 3TY Vi AS
MEASURED ON 13 CH1CKS FROM TUNGSTEN SUPPLEMENTED DAMS AND ON F IV E
CHICKS FROM NON-SUPPLEMENT AL FED DAMS* T h e s e  d e t VERM!MAT IONS ARE SHOWN
i n  T a b l e  X. An a n a l y s i s  o f  v a r i a n c e  of  t h e s e  d a t a  was m a d e  on t h e
LEVELS OF XANTHINE DEHYDROGENASE LEVEL PER 1 0 0  MILLIGRAMS OF FRESH 
t i s s u e . T h i s  a n a l y s i s  i s  shown  i n  T a b l e  X ! ,  St was f o u n d  t h a t  t h e
ENZYME LEVEL IN  THE IN TES TIN E  WAS HIGHLY S IG N IF IC A N T LY  GREATER THAN THE 
XANTHINE DEHYDROGENASE LEVEL IN THE L IV E R ,  THE ANALYSIS FURTHER
5 9
TABLE X
X a n t h i m e  D e h y d r o g e n a s e  A c t i v i t y  o f  V a r i o u s  T i s s u e s  o f  D a y - o l d  Ch i c k s
F r o m  D i f f e r e n t  D am T r e a t m e n t s
D am
T r e a t m e n t T 8 3SUE
X a n t h i n e  De h y d r o g e n a s e  A c t i v i t y *
P e r  P e r  100 P e r mg  N
F l a s k  mg  T i s s u e  i n  S a m p l e
T u n g s t e n
S u p p l e m e n t e d
T u n g s t e n
S u p p l e m e n t e d
No N - S  UP P L EM E NT ED
No n - s u p p l e m e n t e d
L I VER 1 4 .4 1  1  6 . 1  8 . 4 &  +  3 . 6  2 . 5 5  +  1 . 2
I n t e s t i n e  1 7 . 6 5  +  6 , 7  
L i v e r  5 . 5 9 + 0 . 9  
i MTEST.I ME 5 . 7 6  +  1 . 5
9 .26  +  3 .6
3 .? -9  +  0 . 9
3 . 9 8  +  0 . 9
4 . 4 5  +  1 .1  
1.20  +  0.01 
0 .9 1  +  0 .0 1
X a n t h i n e  D e h y d r o g e n a s e  a c t i v i t y  m e a s u r e d  i n  c .  mm. o f  0 2  co n s u m e d  p e r  
2 0  M IN U T E S .
TABLE XI
A n a l y s i s  o f  V a r i a n c e  o f  X a n t h i n e  D e h y d r o g e n a s e  L e v e l s  o f  D a y - O l d - C h i ck s
H a v i n g  D i f f e r e n t  D am T r e a t m e n t
S o u r c e
T o t a l
Be t w e e n  T r e a t m e n t s
L lV E R  VS ! N TE S TI ME
L i v e r : T u n g s t a t e  v s  No n - T u n g s t a t e
S u p p l e m e n t e d
I n t e s t i n e : Tu n g s t a t e  v s  No n -
Tu n g s t a t e  Su p p l e m e n t e d
Er r o r
D e g r e e s  o f  
F r e e d o m





^ S i g n i f i c a n t  a t  0 , 0 5  l e v e l  o f  p r o b a b i l i t y .
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6 0
REVEALED THAT THE D AY -O LD  CHICKS FROM THE TUNGSTATE FED DAMS HAD 
S T A T IS T IC A L L Y  H 5 SHER LEVELS OF XANTHINE DEHYDROGENASE A C T IV IT Y  THAN 
THAT OF THE CHICKS FROM NON-SUPPLEMENTED DAMS BOTH IN  THE L IV E R  AND 
IN T E S T IN A L  T IS S U E S .
A t  THE END OF THE FOUR-VYEEK T R 8 A L j  SAMPLES OF L IV E R  AND S NTEST INE 
SERE TAKEN FROM C H ICKS ON EACH TREATMENT AND THE XANTHINE DEHYDRO­
GENASE LEVELS WERE DETERM INED. THE RESULTS OF THE DETERM INATIONS 
ARE SHOWN IN  TABLE X I I .  An AN A LYS IS  OF VARIANCE VMS MADE ON THE 
DATA PRESENTED IN  TABLE X I ! AND REVEALED THAT THERE WERE NO REAL 
DIFFERENCES E X IS T IN G  IN  THESE D ATA. THE FA ILU R E  Or THESE D IFFERENCES 
TO BE S IG N IF IC A N T  PROBABLY IS  DUE TO THE UNUSUALLY LARGE V A R IA T IO N  
OF THE VALUES FOR EACH TREATMENT.
A n o t h e r  t r i a l  w a s  i n i t i a t e d  to  t e s t  t h e  e f f e c t  o f  t h e  t u n g s t e n
SUPPLEMENTATI ON ON A P R A C T IC A L -T Y P E  BROILER TYPE RATION ( T A B L E ! ) .
TABLE X I i
X a n t h i n e  D e h y d r o g e n a s e  L e v e l s  o f  C h i c k  T i s s u e s  a t  F o u r  We e k s  o f  Ag e
Br e e d e r  R a t i o n  Br e e d e r  R a t i o n  +  T u n g s t e n
D am
T r e a t m e n t  L i v e r s  I n t e s t i n e  L i v e r  I n t e s t i n e
5 .4 -3  
1.01
^ X a n t h i n e  d e h y d r o g e n a s e  a c t i v i t i e s  a r e  m e a s u r e d  i n  c .  mm. o f  O2
CONSUMED PER 2 0  MINUTES PER 1 0 0  MG. FRESH T IS S U E .
No n -
S u p p l e m e n t e d  5 . 0 2  4 . 3 2  5 . 2 0
T u n g s t e n
S u p p l e m e n t e d  2 .6 1  0 . 3 3  3 . 2 2
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T h e  s a m e  s u p p l e m e n t a l  l e v e l s  o f  t u n g s t e n  w e r e  u s e d  i n  t h i s  t r i a l .
AS IN  THE P R E V IO U S  ONE * T h ERE WERE NO ENZYME D E T E R M IN A T IO N S  MADE
C K
DURING T H IS  CHICK GROWTH T R IA L .  THE G A IN  AND FEED CONVERSION DATA 
ARE PRESENTED IN TABLE XI I I .  T H IS  STUDY INVOLVED 1 0  LOTS OF 10  
CHICKS EACH.
An  a n a l y s i s  o f  v a r i a n c e  w a s  made o n  THE 2 4 - d a y  g a i n  o f  t h e s e
B IR D S . I t  WAS FOUND, AS W ITH THE BREEDER R A T IO N , THAT THE 5 0 0  PPM 
SUPPLEMENTAL TUNGSTEN RESULTED IN A HIGHLY S IG N IF IC A N T  DEPRESSION IN 
GAIN OF CHICKS FROM BOTH DAM TREATMENTS. I t  WAS ALSO SHOWN THAT THE 
CHICKS FROM TUNGSTEM-SUPPLEMENTED DAMS E X H IB IT E D  A S IG N IF IC A N T  
DEPRESSION IN THE GROWTH RATE WHEN FED THE TUNGSTEN-SUPPLEMENTED 
BROILER R A T IO N . A HIGHLY S IG N IF IC A N T  DEPRESSION IN  THE GROWTH RATE 
OF THESE SAME CHICKS WAS OBSERVED WHEN THEY WERE FED NON-SUPPLEMENTED 
B R O ILE R  R A T IO N . T H IS  ANALYSIS OF VARIANCE IS  SHOWN IN  TABLE X I V .
TABLE X I t I
R e s u l t s  o f  T w e m t y - F o u r - D a y - O l d  Ch i c k s  Sh o w in g  E f f e c t  o f  5 0 0  p p m  T u n g s t e n
o n  G a i n ,  F e e d  C o n v e r s i o n  a n d  Dam T r e a t m e n t  ( B r o i l e r  R a t i o n )
D am  T r e a t m e n t
P r a c t  s c a l  
Br o i l e r  R a t i o n
P r a c t i c a l  B r o i l e r  
R a t i o n  +  T u n g s t e n
(G r a m s ) (G r a m s )
No n -
S u p p l e m e n t e d ' n  j ( i  v  O  #\ * • I 'v / 2 0 4 ( 2 . 7 8 )
T u n g s t e n
S u p p l e m e n t e d 3 6 7 ( 1 . 9 6 ) 1 8 5 ( 2 . 4 4 )
*F1GURES IN  PARENTHESIS IN D IC A TE  FEED CONVERSION.
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TABLE XSV
A n a l y s i s  o f  V a r i a n c e  S h o w i n g  E f f e c t  o f  5 0 0  p p m  T u n g s t e n  
o n  R a t e  o f  G a i n  o f  C h i c k s  F e d  A B r o i l e r  R a t i o n
D e g r e e s  o f  
S o u r c e  F r e e d o m
Me  a n  
S q u a r e
F
V a l u e
T o t a l 9 9
B e t w e e n  T r e a t m e n t s 3 3 1 . 0 7 1 6 . 6 9 * *
N o rm a l  v s  T u n g s t e n  R a t i o n 1 4 9 . 4 2 2 6 . 5 0 * *
T u n g s t e n  v s  No n - S u p p l e m e n t e o
E f f e c t  o f  D am  o n  No r m a l  R a t i o n 1 16.16 8 . 68* *
T u n g s t e n  v s  N o n - S u p p d em en ted
E f f e c t  o f  Dam o n  T u n g s t e n  
R AT I ON 1 5 . 0 2 2,70
Er r o r  9 6  1 . 7 3
S i g n i f i c a n t  a t  0.01 l e v e l  o f  p r o b a b i l i t y
TABLE XV
A n a l y s i s  o f  v a r i a n c e S h g <*i mg E f f e c t  o f  i5 0 0  p p m  T u n g s t e n ON
F e e d  C o n v e r s ION Or C h i c k s  o n  A IBr o i l e r  R a t i o n
D e g r e e s  o f Me a n F
S o u r c e F r e e d o m S q u a r e V a l u e
T o t a l 7
B e t w e e n  T r e a t m e n t s 3 4 4 . 5 2 5 6 . 35*
T u n g s t e n  v s  No r m a l  D i e t 1 1 1 7 . 0 4 1 4 8 . 1 5 * *
E f f e c t  o f  D am  o n  No r m a l D i e t 1 4 . 6 3 5 . 3 6 *
E f f e c t  o f  Dam o n  T u n g s t e n  D i e t  1 1 , 1 9 1 . 5 0
Er r o r i-4* 0 . 7 9
*  S i g n i f i c a n t  a t  0 . 0 5  l e v e l  o f  p r o b a b i l i t y
# *  S i g n i f i c a n t  a t  0 * 0 1  l e v e l  o f  p r o b a b i l i t y
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T h e  r e s a  c o n v e r s i o n  d a t a  © e r e  a n a l y s e d  b y  m  a n a l y s i s  o r  v a r i a n c e .  
( T a b l e  X V )  A h i g h l y  s i g m i f i g a n t  d e p r e s s i o n  i n  f e e d  c o n v e r s i o n  w a s
C A U S E D  3 Y  T H E  T U N G S T E N  S U P P L E M E N T A T I O N  O F  T H E  P R A C T I C A L  B R O I L E R
r a t i o n .  T h e r e  a p p e a r e d  t o  b e  a  d i f f e r e n c e  d u e  t o  t h e  t r e a t m e n t  o f  t h e
D A M S  B U T  T H I S  D I D  MO T P R O V E  T O  8 £  S T A T I S T I C A L L Y  S I G N I F I C A N T .
S u m m a r y
T h e  A D D I T I O N  O F  2 5 0  PPM T U N G S T E N  T O  T H E  B R E E D E R  R A T I O N  A P P E A R E D  
T O  H A V E  L I T T L E  OR NO E F F E C T  O N  T H E  X A N T H I N E  D E D Y D R O G E N A S E  A C T I V I T Y  
O F  T H E  H E N  T I S S U E S  T E S T E D .  T H E  S U P P L E M E N T A T I O N  O F  5 0 0  P P M  T U N G S T E N  
C A U S E D  A S T E A D Y  D E C L I N E  I N  T H I S  E N Z Y M E  A C T I V I T Y  W H I C H  A P P E A R E D  T O T A P E R  
O F F  T O  A LOW L E V E L  A F T E R  A P E R I O D  O F 3 0  D A Y S .  N E I T H E R  O F  T H E S E  L E V E L S  
O F  A D D E D  T U N G S T E N  H A D  AN E F F E C T  ON T H E  R A T E  OF EGG P R O D U C T I O N  OR 
H A T C H A B I L I T Y  »
I t  w a s  f o u n d  t h a t  d a y - o l d - c h i c k s ,  f r o m  d a m s  f e d  T H E  T U N G S T A T E  
S U P P L E M E N T E D  R A T I O N ,  H A D  S I G N I F I C A N T L Y  H I G H E R  A M O U N T S  O F  X A N T H I N E  
D E H Y D R O G E N A S E  I N  T H E  L I V E R  A N D  I N T E S T I N E  T H A N  D I D  C H I C K S  F R O M  D A M S  
F E D  T H E  M O M - S U P P L E M E N T E D  R A T I O N ,  Cl-S 3 C K S  F R O M  BA1JS F E D  T H E  T U N G S T E N  
S U P P L E M E N T E D  R A T I O N  G R E ®  A T  A S I G N I F I C A N T L Y  L O W E R  R A T E  T H A N  D I D  T H E  
C O N T R O L  C H U C K S  O N  B O T H  T H E  B R E E D E R  R A T I O N  AMD T H E  B R O I L E R  R A T I O N .
Wh e n  t h e  c h i c k s  r a t i o n  w a s  s u p p l e m e n t e d  w i t h  5 0 0  p p m  t u n g s t e n ,  a
S L O W E R  R A T E  OF G A I N  WA S O B S E R V E D  WHE N C O M P A R E D  T O  R A T I O N S  C O N T A I N I N G  
MO S U P P L E M E N T  A T I O N .
A t  f o u r —w e e k s  o f  a g e ,  t h e r e  .a p p e a r e d  t o  b e  n o  d i f f e r e n c e  i n  t h e
X A N T H I N E  D E H Y D R O G E N A S E  A C T I V I T I E S  B E T W E E N  T H E  C H I C K S  R E G A R D L E S S  O F  T H E  
R A T I O N  F E D  O R  T H E  D A M  T R E A T M E N T .  T H E  V A R I A T I O N  T H A T  O C C U R R E D !  I N  T H E
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ENZYME DETERMINATIONS WA S L A R G E  AMD T H E  S A l /P LE S I Z E  T O O  S M A L L  AMD T H I S  
M I G H T  H A V E  A C C O U N T E D  F O R  T H E R E  B E I N G  NO S T A T I S T  5 CALLV S I G N I F I C A N T  
D I F F E R E N C E S  B E T W E E N  T R E A T M E N T S .
.6 5
C .  M o L y g s A jg ' S u p p l e m e n t  a t  i o n  g £  C h i c k  D i e t s
S i MCE I T  A P P E A R E D  T H A T  7 U N S 8 T A T E  S U P P L E M E N T A T  I ON O F  T H E  B R E E D E R
h e m s '  d i e t  p r o d u c e d  c h i c k s  d e f i c i e n t  i n  m o l y b d e n u m ,  i t  w a s  d e c i d e d  t o
U S E  T H E S E  C H I C K S  I N  E V A L U A T I N G  T H E  E F F E C T  OF  A D D I N G  V A R I O U S  L E V E L S  OF  
M O L Y B D E N U M  T O T H E  C H I C K S 1 D I E T .  T h e  A N O M A L O U S  R E S P O N S E  O F T H E  C H I C K S  
F R O M  T U M G S T A T E  S U P P L E M E N T E D  B R E E D E R  H E N S  A N D  F R O M  N O N —S U P P L E M E N T E D  
B R E E D E R  H E N S  R A I S E D  S O M E  Q U E S T I O N  A S  T O  T H E  N A T U R E  O F  T H E  C O N D I T I O N  
P R O D U C E D  B Y  T H E  7 U N G S T A T E  S U P P L E M E N T A T I O N .  3 Y I? AS D E C I D E D ,  T H E R E F O R E ,
T O T E S T  T H E  V A R I O U S  A D D I T I O N S  OF  M O L Y B D E N U M  T O  T H E  R A T I O N S  O F  C H I C K S  
F R O M  B O T H  T U N G 8 T A T E  S U P P L E M E N T E D  B R E E D E R S  A N D  N C N - S U P P L E M E M 7 E D  
B R E E D E R S .
T h e  p u r p o s e  o f  t h i s  s t u d y  w a s  t o  t e s t  t h e  e f f e c t  o f  m o l y b d e n u m
S U P P L E M E N T A T I O N  AT  V A R I O U S  L E V E L S  OF  ft P U R I F I E D  D I E T  A ND A P R A C T I C A L  
C O R N - 3 O Y 0 E  AN Ft AT I O N .
A  P U R I F I E D  C E R E L O S E - D r A C K E T T  P R O T E I N  R A T I O N  WA S F O R M U L A T E D  AN D  
W A S  C A L C U L A T E D  T O  C O N T A I N  L E S S  O N E P P M  I N  M O L Y B D E N U M .  T H I S  P U R I F I E D  
D I E T  I S  S H OW N  I N  T A B L E  X V I ,  M O L Y B D E N U M  S U P P L E M E N T A T I O N S  O F  0 ,  1 ,  1 0 ,
59 A N D  100 P P M  YJEFIE A D D E D  TO T H I S  B A S A L  R A T I O N  A N D  T H E S E  R A T I O N S  W E R E  
F E D  T O  R E P L I C A T E  L O T S  O r  10 C H I C K S  E A C H  ON E A C H  R A T I O N ,
I t  w a s  f o u n d  t h a t  t h i s  r a t i o n  d i d  n o t  s u p p o r t  s u f f i c i e n t  c h i c k
G R O W T H  TO C O M P E T E N T L Y  T E S T  THE A D D IT IV E S .  S T A T IS T IC A L  ANALYSIS OF
T H E  R E S U L T S  OF  T H E S E  T R I A L S  R E V E A L E D  T H A T  T H E R E  WE R E NO R E A L  D I F F E R E N C E S ,  
P R O B A B L Y  D U E  1 0  T H E  L A R G E  V A R I A T I O N  W H I C H  O C C U R R E D  W I T H I N  E A C H  G R O U P .
A n o t h e r  p u r i f i e d  c e r e l o s e - D r a g k e t t  p r o t e i n  d i e t  w a s  f o r m u l a t e d .
T h e  p r o t e i n  c o n t e n t  w a s  i n c r e a s e d  e i g h t  p e r  c e n t  a t  t h e  e x f e n s e  o f
C E R E L O Q E .  A H I G H E R  E N E R G Y  R A T I O N  W A S  A T T A I N E D  B Y  I N C R E A S I N G  T H E
We s s o n  O il c o n t e n t  b y  o n e  p e r  c e n t ,  A o n e  p e r  c e n t  l e v e l  o f  m e t h i o n i n e
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TABLE XV!
P u r i f i e d  C h i c k  T e s t  R a t i o n
I n g r e d i e n t
C e r e l o s e
Dr a c k e t t  P r o t e i n  
J o m e s - F o 3 t e r  S a l t  M ix  #12
C e l l  u l o s e  
C r is c o  
We s s o n  O i l  
Co b  L i v e r  O i l  
G l y c i n e  
l - A r g i n i N t  








n * n« li V1
0»06
I HE FOLLOWING M A T E R IA LS  WERE ADDED AS GRAMS PER POUND I
Gm / i *s
Alph a  Tocopherol 0.005 R i b o f l a v i n 0.003
ChQL1 ME ChLOR1 BE 0 .9 0 B io t in 0 .  OlOI 4
I n q s ito l 0 .45 Fo l ic  Ac id 0.002
PAR A - AM INODENEO1C AC 5 D r* now ? W--w TH 1 AM!M HCl 0 .0014
N1 AC I N 0.01 V ita m in  E L 0  8 *<, 0.0C001
Calcium P a n t o t h e n a t e 0.01 Me n a d i o n e 0.GQ4
PVRIDOXINE 0 .003
. m u m u  *
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WAS ADDED AT THE EXPENSE OF G L Y C IN E . CREATINE HYDRATE WAS ADDED AT 
THE LEVEL OF 0 . 2 5  PER CENT AND THE LEVELS OF R IB O F L A V IN  AND S IO T IM  
WERE DOUBLED. B |P H E N Y L -P ~ P H £ N E LE D IA M IN E  (DPPD) WAS ADDED AS AN ANT I — 
o x i d a n t .  T h i s  p u r i f i e d  r a t i o n  i s  p r e s e n t e d  i n  T a b l e  X V ! I .  T h e  
CALCULATED AWI MO AC ID  COMPOSITION OF T H IS  RATION IS  SHOWN IN  TABLE 
X V I U  AND IT  W ILL  BE NOTED THAT THE REQUIREMENT FOR EACH AMINO ACID  
IS MET9 AS ES TABLISHED  BY SCOTT £ £  M l  ( 1 9 5 7 ) .
A f t e r  s u b s t a n t i a t i n g  t h e  f a c t  t h a t  t h i s  r a t i o n  w o u l d  a d e q u a t e l y
SUPPORT GROWTH, I T ,  AS WELL AS - THE PRACTIC AL CORN—SOTBE AM MEAL BROILER 
r a t i o n  ( T a b l e  I ) *  w as c h e m i c a l l y  a n a l j ’ TED t o r  m o ly b d e n u m ,  t u n g s t e n ,
COPPER, SULFUR, PHOSPHORUS, AND PGYACOIUM.
MOLYBDENUM WAS D E T E R M IN E D  AS a  B I T K I C L  { 4 - M c T K Y L - I  , 2 - d i m e r c a p t o -  
b e n z e n e )  c o m p le x  d e v e l o p e d  i n  i j - a w v l  a c e t a t e .  T u n g s t e n ,  f r o m  t h e  3a*,*e
SAMPLE, WAS REDUCED BY STANNOUS CHLORIDE AND T IT A N IU M  H i ,  AND WAS
D E T E R M IN E D  a s  a  ? u n g g t e n ~ c i t k i c l  c o m p o u n d  a l s o  d e v e l o p e d  i n  n - a m y l  
a c e t a t e .  T h i s  m e t h o d  V.-.'i e l o p e d  b y  T e e  KELL AND a s s o c i a t e s -  i s  f u l l y  
D E S C R IB E D  IN  A P P E N D IX  I .  COPPXR WAS D E T E R M IN E D  BY A D I S T H Y L D I T H I C -  
C ARB/W AYE METHOD AND SULFUR WAS D E TE R M IN E D  0 ¥  A G R A V IM E T R IC  METHOD AS 
OAR IL M  S U L F A T E ;  THESE PROCEDURES WERE D E S C R IB E D  S¥ PAR KS £ 1  & .  ( H 9 -4 3 )  » 
P h o s p h o r u s  w a s  d e t e r m i n e d  p h o t o m e t r i c a l l y  u s i n g  v a n a b o m o l y b d a t e  ( E p p s  
1 9 5 0 ,  a n d  A u s t  m »  D e n s o n ,  a n d  E p p s  1 9 5 3 ) .  P o t a s s i u m  w a s  d e t e r m i n e d  b y  
t h e  u s e  o f  a  B e c k m a n  F l a m e  S p e c t r o p h o t o m e t e r  i n  t h e  m a n n e r  d e s c p .  i b e d  b y  
A u s t I N ' .  AND A S S O C IA T E S  ( 1 9 5 3 ) .
T h e  a m o u n ts  f o u n d  i n  t h e  p u r i f i e d  r a t i o n  WEREi MOLYBDENUM, 2 . 0  
PPM} TUNGSTEN, 0 . 2  PPM , COPPER, 2 5 . 9  PPM; SULFUR, 1 1 6 4 9  PPM; PHOSPHORUS,
5 9 8 8  p p m ;  a n d  p o t a s s i u m ,  4 2 9 6  p p m .  T h e  p r a c t i c a l  c o r n - s o y b e a n  m e a l
BROILER RAT ICR C O NTAINED: MOLYBDENUM, 1 . 5  PPM} TUNGSTEN, 0 . 4  PPM}
P u r i f i e b  Ch i c k  R a t  io n  
IMGREP1ENT PER CENT
C e r e l o s e 5G«4-0
B r a c k e t t  P r o t e i n 30,00
J o n e s -F o s t e r  S a l t  M ix #12 4*30
C e l l u l o s e 4 .  Co
Cn seco 4  « CO
W e s s o n  O il
Cob L i v e r  Oil 1.00
G l y c i n e \ « c/0
M e t h i o n i n e 1 .CO
Creatine H y d r a t e n
The f o l lo w in g  m a t e r i a l s  s e r e ADDED AS GRAMS PER POUNDt
Gm/ le Gm/ l b
A l p h a  T o c o p h e r o l 0*Cp R 1 EOF LAV 8 M 0.C 07
Ch o l in e  Ch l o r id e 0 .9 0 B ic t in 0 ,0 0 2 7
I n o s it o l 0 ,4 5 F o l i c  Ac i d 0 ,0 0 2
? ARA-AM1N0BEH201C AC»D 0 .0 2 T h i a m i n e  HCl 0 .C 014
C a l c i u m  P a n t o t h e n a t e 0 .G 1 Mem ad ic m e o * o o £■
-
N i a c i n 0.C1 V i t a m i n 0.C0001
Py r id o x in s 0,C 03 DPPD 0,01
V i t a m i n  D3 0.C 0375
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TABLE XV i l l
Amino A c id  Com posi t ion  or  P u r i f i e d  R a t i o n  S h g h n  in  T a b le  XV!1
S MGRED1 ENT Co n t e n t REQUlPEMENT^
■ ( P e r  Ce n t ) ( P e r  C e n t )
Ar g i n i n e 2 .4 9 1 . 4 0
H i s t i d i n e 0 . 7 8 0 . 5 1
ISO LEUCINE 1 . 9 5 0 . 8 4
L e u c i n e 2, . 2 5 2 . 2 6
L y s i n e 2 . G 4 1 C J,S $
Me t h i o n i n e 1 . 3 3 2 0 . 4 5  OR 0 . 2
C y s t i n e 0 . 1 8 G OR 0 . 4
P h e n y l a l a n i n e 1 . 5 0 Q . 5 9  OR 0 . 4 4
T  Y R o a i he 1 . C 2 C . 7  o r  C . 8
T h r e o n i ne 1 . 1 7 0 .5 8
T r y p t o p h a n 0 . 3 3 0 . 1 7 5
V A L I ME 1 . 6 5 0 . 9 6
Al a n i n e 1 . 0 8 -
As p a r t i c  A c i d 1I £
Gl u t a m i c  Ac i d 5 . S 5 1 5 .  CO
G l y c i n e 2 . C 82 0 . 5
Pr o l i n e 0 . 7 5
S e r i n e 2 . 0 7 -
1
A m in o  a c i d  r e q u i r e m e n t s  a s  e s t a b l i s h e d  b y  S c o t t £ 1  ( 1 9 5 7 ) .
o
A d d e d :  1% M e t h i o n i n e  
G l y c i n e  
0 , 2 5 % C r e a t i n e  H y d r a t e
7 0
COPPER, 1 0 .  2  PPMJ SULFUR, 4 6 3 5  PPM* PHSOPHCRUO, 3 4 1 9  PP^ji  AS'.®
POTASS HUM, 9 3 5 0  PPM.
MoS.VGDF.MUM AND TUNGSTEN DETERM! NAT JONS !3ERE ALSO .MADE' ON WHOLE 
CHICK CARCASSES, L IV E R S , AND KIDNEYS (WET WEIGHT BASES) O f  DAY-OLD 
CHICKS FROM BOTH TUNGSTEN—SUPPLEMENTED AND N0N—SUPPI.EMEMTE3B BREEDEfi
h e n s .  T h i s  w a s  d o n e  t o  d e t e r m i n e  t h e  c a r r y - o v e r  o r  t h e s e  e l e m e n t s  
FROM THE DAM. THESE RESULTS ARE SHOWN IN TABLE X ! X .  F IV E  DETERM J NATH* 
IONS WERE MADE FROM EACH SAMPLE.
TABLE X I X
Mo l y b d e n u m  and  T u n g s t e n  L e v e l s  F o u n d  i n  D a v - C l b  C h i c k s  
F ro m  D i f  f e r e n t  Dam T r e a t m e n t
D am
T r e a t m e n t T i s s u e MOLYBDENUM T u n g s t e n
( p p m ) ( d d m )
No n - s u p p l e m e n t e d Wh o l e  c a r c a s s 0 . 1 9 0 . 2 3
Ng n - s u f p l e m e m t e d L i v e r 1 .1*4 0 . 7 9
No n —s u p p le m e n t e d K i b n e y 4 . 7 1 2 . 7 5
T w i g s t e m  s u p p l e m e n t e d Wh o l e  c a r c a s s 0 , 1 9 C . 3 3
T u n g s t e n  s u p p l e m e n t e d L i v e r 1 . 1 9 1 . 7 8
Tu n g s t e n  s u p p l e m e n t e d KIBMEV 5 . 2 6 7 . 2 1
A t t e n t i o n  i s  c a l l e d  t o  t h e  f a c t  t h a t  t h e r e  si a s  a c a r r y - o v e r  o r
THE TUNGSTEN FROM THE BAMS TO THE C H IC K S . T.HCS IS  PARTICULARLY 
EVIDENT IN THE CASE OF KIDNEY AND L IV E R ,
F o r  c l a r i t y  t h e  f e e d i n g  t r i a l s  w i t h  c h i c k s  f r o m  e a c h  dam t r e a t m e n t
AND EACH RATION TREATMENT W ILL  BE DESCRIBED IN D IV ID U A L L Y .  ST IS
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BELIEVED THAT SUCH k  DESCRIPTION MAY AVI CD SOME If. I SUNDERS! AND ING.
JU P u r i f i e d  R a t i o h  S t u d i e s  w i t h  C h i c k s  F rom  T u n g s t a t e  S u p p le m e n te d  
Hems
Al l  c h i c k s  were  r a i s e d  i n  s t a r t e r  t y p e  b a t t e r y  b r o o d e r s  e q u i p p e d
WITH RAISED ® |P £  SCREEN FLOORS» FEED AND WATER KERF. SUPPLIED AS
l i b i t u m .  L e v e l s  o f  m o ly b d e n u m  o f  o ,  - j ,  2 ,  3 ,  5 ,  1 0 ,  5G , 100 ,  5C0, 1GGQ,
AND 2 0 0 0  PPM  WERE TESTED. T H IS  STUDY INVOLVED 9 3 6  BIRDS IN  A SERIES 
OF 1 0  T R IA L S .  W i t h i n  e a c h  t r i a l  e a c h  m o l y b d e n u m  l e v e l  w a s  f e d  t o  
REPLICATE LOTS OF 1 0  CHICKS EACH.
T h e  2 0 - b a y  g a i n  a n d  f e e d  c o n v e r s i o n  d a t a  f r o m  t h i s  s t u d y  are
PRESENTED IN TABLE XX . An ANALYSIS OF VARIANCE ¥3AS MADE ON THE RATE 
OF GAIN IN THIS STUDY. T H IS  ANALYSIS IS  SHOWN IN T ABLE X X I .
T h i s  a n a l y s i s  i n d i c a t e d  t h a t  t h e  a d d i t i o n  o f  1 ,  10 ,, and  5 0  p p m
o r  MOLYBDENUM GAVE A HIGHLY S IG N IF IC A N T  IMPROVEMENT IN THE RATE OF 
G A IN ,  WHILE THE ADDITION OF 2 ,  3 ,  5 AND 1 0 0  PPM SUPPLEMENTAL MOLYBDENUM 
GAVE A S T A T IS T IC A LLY  S IG N IF IC A N T  INCREASE IN  THE RATE OF GAIN FOR 
THESE C HICKS. THE MOLYBDENUM TO XIC ITY  LEVEL APPARENTLY L IE S  BETWEEN 
1 0 0  AND 5 0 0  PPM AS THE ADDITION OF 5 0 0  PPM MOLYBDENUM RESULTED IN  A 
HIGHLY S IG N IF IC A N T  GROWTH DEPRESS ION. HIGHER LEVELS OF MOLYBDENUM 
SUPPLEMENTATION ( 1 0 0 0  AND 2G 00 PPM) GAVE EVEN GREATER REDUCTION IN 
GAIN WHICH WERE HIGHLY S IG N IF IC A N T .
AM ANALYSIS OF VARIANCE WAS MADE ON THE FEED CONVERSION DATA FROM 
TH IS T R IA L  AND IS PRESENTED IN T ABLE X X i I . i f  WAS REVEALED FROM TH IS  
ANALYSIS THAT THE LOWER LEVELS OF MOLYBDENUM SUPPLEMENTATION, J . .E .  ONE, 
TWO AND THREE PPM, HAD NO S IG N IF IC A N T  EFFECT OM FEED CONVERSION IN  THESE
2 0 - d a y  t r i a l s .  The  a d d i t i o n  o f  f i v e  ppm m o ly b d e n u m  g a v e  a s i g n i f i c a n t
IMPROVEMENT IN THE FEED CONVERSION, AND THE SUPPLEMENTATION OF 1 0  PPM
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TABLE XX
G a i n  a n d  F e e d  Co n v e r s i o n  D a t a  on  Ch i c k s ,, F rom  T u n g s t a t e  S u p p l e m e n t e d  
D a m s ,  F e d  A P u r i t i e d  D i e t  w i t h  Mo l y b d e n u m  S u p p l e m e n t a t i o n
Ad d e d  Mo l y b d e n u m  Ga i n  F e e d  Co n v e r s i o n
( p p m )
0
(Gr a m s ) 
1 69 1 . 5 0
1 1 7 9 1 . 4 7
2 1 77 1 . 4 7
7 176 1 . 4 7
5 1 7 9 1 .4 1
1 0 191 1 . 3 3
5 0 1 9 0 1 .4 1
1 0 0 1 7 3 1 . 4 2
500 153 1 . 5 6
1 0 0 0 135 1 . 3 5
2 0 0 0 33 1 .9 1
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TABLE XXI
A n a l y s i s  of  V a r i a n c e  o f  2 0 ~ D a y  Ga i n  o f  Ch i c k s ,  F rom  T u n g s t a t e  
S u p p l e m e n t e d  Da m s , F e d  A P u r i f i e d  R a t i o n  P l u s  
V a r i o u s  L e v e l s  o f  Mo l y b d e n u m
S o u r c e
De g r e e s  o f  
F r e e d o m
Me an 
S q a u r e
F
V a l u e
T o t a l 9 3 5
Be t w e e n  Mo l y b d e n u m  L e v e l s 1 0 20364..  0 53 . 9OW*
0 v s  1 p pm  Mo l y b d e n u m 1 4 4 9 4 . 0 1 1 . 9 1 « w
0 v s  2  p p m  Mo l y b d e n u m 1 2246 .0 5 . 1 4 *
0 v s  3  p p m  Mo l y b d e n u m 1 2 1 4 2 .0 5 . 6 5 *
0  v s  5 p p m  Mo l y b d e n u m 1 2 1 7 8 . 0 5 . 7 9 *
0 v s  1 0  p p m  Mo l y b d e n u m 1 2 2 7 3 1 . 1 6 0 . 1 3 * *
0  v s  5 0  p p m  Mo l y b d e n u m 1 2 1 3 7 4 . 0 5 6 . 5 1 * *
0 v s  1 0 0  p p m  Mo l y b d e n u m 1 1 6 9 0 . 0 4 . 4 7 *
0  v s  5 0 0  p p m  Mo l y b d e n u m i 3 7 2 5 . 0 9 . 8 5 * *
0  v s  1 0 0 0  p p m  Mo l y b d e n u m 1 1 5 9 7 7 . 0 4 2 . 2 7 * *
0  v s  2 0 0 0  p p m  Mo l y b d e n u m 1 9 6 6 8 3 . 0 2 5 5 . 7 0 * *
Er r o r 9 2 5 3 7 8 . 0 -
*  S i g n i f i c a n t  a t  O.G5 l e v e l  o f  p r o b a b i l i t y
S i g n i f i c a n t  a t  0 . 0 1  l e v e l  o f  p r o b a b i l i t y
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TABLE X X I !
A&1 AI LY8  I S  O F VARIANCE OF  F f - E D  CONVERSION 0 A T A  ON C H I C K S ,  pRO«5 TUNGSTATE
S u p p l e m e n t e d  D am s ,  F e d  A P u r i f i e d  R a t i o n  P l u s  M o l y b d e n u m  S u p p l e m e n t s
S o u r c e  D e g r e e s  o f  Mean F
F r e e d o m  S q u a r e  V a l u e
T o t a l 78
Betweem Mol ybdemum L e v e l © 10 893 7 * 0 3 * *
o vs 1 ppm  Mo lybdenum 1 102 0 * 8 0
0 vs 2 p p m  Molybdenum 4*3 "J h 0 9
0 vs 3 ppm  Molybdenum 1 7 6 0 *6 0
0 vs 5 PPM Molycdenum 595 4 .6 3 *
0 vc 10 p p m  Mo lybdenu m 1 1016 a . c i * *
0 vs 50 ppm  Mo lybdenu m 1 r  / .cJ-*<*■*>' r* O^-^' ‘ V * 7'' ’
0 vs 100 ppm  Molybdenum 1 sit n4̂ ’̂ ’ 1 4 .3 0 *
0 vs 500 ppm  M o l y b d e n u m 1 > V ;-: 1 *5 6
0 vs 1000 ppm  Molybdenu m i 214.0 1 6 .5 5 ?:;«
0 vs 2000 ppm  M o l y b d e n u m 1 2872 2 2 .6 1 **■
E r r o r 6 8 1 2 7
*  S i g n i f i c a n t  a t  0 * 0 5  l e v e l  o f  p r o b a b i l i t y
S i g n i f i c a n t  a t  0 * 0 1  l e v e l  o f  p r o b a b i l i t y
HIGHER LEVELS OF SUPPLEMENT AT 5 ON ( 5 0  AMD 1 0 0  PPfe*) THE IMPROVED FEED 
CONVERSION WAS NOT AS GREAT AS IN  THE CASE OF 1 0  PPM LEVEL OF S U P P L E -  
MENTATION* BUT WAS S T IL L  A STATIST ICALLY S I G N IF IC A N T  IMPROVEMENT IN  
THE U T I L I Z A T I O N  OF FEED WHEN COMPARED TO THE N 0 N ^ 0 L Y S D E ? ’l : 1  SUPPLE­
MENTED R A T I O N .  T h e  ADDITION OF 5 0 0  PPM MOLYBDENUM RESULTED IN THE SAME 
FEED CONVERSION AS WAS OBTAINED ON THE BASAL RATION.  H IGHER LEVELS OF 
SUP PL EMENT ATI ON,  THAT IS  1 0 0 0  AMD 2 0 0 0  PPM, GAVE A HIGHLY SIG N IF IC A N T  
DEPRESSION OF FEED CONVERSION. I ?  IS  B E L I E V E D  THAT THESE HIGHER LEVELS 
OF SUPPLEMENTATION WERE D EF IN IT EL Y  TOXIC TO THE C H I C K S ,  ALTHOUGH NO 
GROSS CL IN IC AL SYMPTOMS OR LESIONS WERE OBSERVED.
I n  THE WORK REPORTED IN THE PREVIOUS SECTION ON XANTHINE DEHYDRO­
GENASE, AS MEASURED BY THE WARBURG CoMSTANT VOLUME RESPIROMETER,  
CONSIDERABLE VARIATION WAS ENCOUNTED IN THE LEVELS OF T H I S  ENZYME. It'S 
AN ATTEMPT TO SECURE LESS VARIABLE VALUES FOR T H I S  ENZYME, IT  WAS 
D EC ID E D  TO MEASURE U RI C  ACID SYN THE SIS  BY L I V E R  AND KIDNEY T ISSUE S FOR 
USE AS AN INDICATOR OF XANTHINE DEHYDROGENASE A C T I V I T Y .  THE METHOD 
FOR T H I S  DETERMINATION IS  GIVEN IN AP PE ND IX  1 1 , TWO CHI CKS  FROM THE 
GROUP FED 3 *  5 ,  5 0 ,  1 0 0 ,  AND 2 0 0 0  PPM OF SUPPLEMENTAL MOLYBDENUM WERE 
KILLED AND URIC ACID SYNTHESIS WAS DETERMINED IN L IVE R AND KIDNEY
t i s s u e s .  T h e  r e s u l t s  o f  t h e s e  a n a l y s e s  a r e  show n  i n  T a b l e  X X I 11. As
MAY GS SEEN FROM THESE RESULTS, THE ADDED LEVELS OF MOLYBDENUM APPEARED 
TO HAVE NO EFFECT ON URIC ACID SYNTHESIS IN EITHER THE LIVER OR KIDNEY.
?T WAS THEM DEC IDED TO MAKE OTHER P H Y S IO L O G IC A L  TES T S .  A DIFFERENCE  
IN ALKALINE PHOSPHOSPHATASE A C TIV IT Y  HAD BEEN OBSERVED ( C aNTAROW AND
T h u m p e r ,  1 9 5 5 )  d u r i n g  c e r t a i n  h e p h a t s c  and  r e n a l  m a l f u n c t i o n s .  S i n g e
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TABLE XXI51
Ur i c  Ac i d  D e t e r m i n a t i o n s  o n  V a r i o u s  T i s s u e s  o f  C h i c k s ,  F r o m  T u n g s t a t e  
F e d  D a m s ,  F e b  P u r  i f  i e d  R a t i o n  P l u s  M o l y b d e n u m  S u p p l e m e n t a t i o n
Ad d e d  
Mo l VDDEh um  
( p p m )
20-D ay  
G a i n  
( Gr a m s )
1 0  M i n u t e  
E n d o g e n o u s
Ox 1 DAT I ON
3 0  M i n u t e  
En d o g e n o u s  
O x i d a t i o n
N e t  
2 0  M i n u t e  
E n z y m a t 1c
Ox S DAT 1 0tiff
0 2 3 0 0 . 2 6
_ L i v m l .......
0 .2 9 5 . 2 8
3 2 3 7 0 . 6 0 u .  64 5 . 9 6
5 2 3 9 0 . 4 5 0 ,4 6 5 . 3 6
5 0 2,45 0 . 3 7 G . 4 o 6 * 03
1 0 0 o o o 0 . 2 8 0 . 3 4 4 . 3 5
2 0 0 G 125 0 .2 1 0 . 4 2 F . Q2y • ✓ •—
c 2 3 0 0 . 5 0
K i d n e y *
0 . 5 5 6 .5 0
3 2 3 7 u . 5 6 0 . 7 5 6 .1 3
5 2 3 9 0 . 5 3 0 .7 1 4 . 5 9
50 2 4 5 0 . 5 6 0  A q 5 .2 4
1 0 0 2 3 2 0 .5 1 0 , 6 2 6 . 5 3
2 0 0 0 125 0 . 5 2 0 . 5 6 6 . 2 ?
wUr |C  A C I D  EXPRESSED AS M I L L I G R A M S  U R I C  A C I D  PER GRAM T I S S U E ,
$ N e t  e n z y m a t i c  o x i d a t i o n  =  Gr o s s  e n z y m a t i c  o x i d a t i o n  m i n u s  ( 3 0  m i n u t e  
p l u s  1 0  m i n u t e ) e n d o g e n o u s  o x i d a t i o n .
H IG H  L E VE L S  O f  TUNGSTEN WERE POUND TO BE C O N T A I N E D  I N  K I D N E Y S  O f  C H I C K S  
FROM TUNGSTATE SUPPLEMENTED DA M S,  I T  WAS D E C I D E D  TO D ET E RM IN E  CORRELA­
T I O N S  BETWEEN THE ACT IV  I T Y  OF T H I S  ENZYME AND K I D N E Y  TUNGSTEN L E V E L .
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ALKALINE PHOSPHATASE LEVE LS  WERE DETERM I NED BY THE METHOD D ESC RIBED
IN  A p p e n d i x  I N .
Ch i c k s  w e r e  s e l e c t e d  f r o m  t h e  v a r i o u s  g r o u p s ,, s l a u g h t e r e d  a n d
A L K A L I N E  PHOSPHATASE DETERMINATIONS MADE ON L I V E R  AND K ID N E Y  T I S S U E S .
T h e s e  v a l u e s  a r e  f o u n d  i n  T a b l e  X X I V .  I t  s h o u l d  be  p o i n t e d  o u t  t h a t ,
W H ILE  THERE VALUES MAY NOT BE ABSO LUT E,  THEY C E R T A I N L Y  ARE R E L A T I V E  
S I N C E  ALL D ETE R M IN AT IO N S  WERE MADE AT THE SAME T I M E .  uOOD AGREEMENT 
WAS NOTED BETWEEN R E P L I C A T E  D E T E R M I N A T I O N S .  THERE DSD NOT APPEAR TO 
BE AMY D E F I N I T E  TREND IN THE L I V E R  VALUES U N T I L  THE SUSPECTED TO XIC  
LEVELS HERE REACHED. T h e  LEVER VALUES FOR THESE LEVE LS  (500, 1000,
2000, 'AND 3000 PPM MOLYBDENUM) WERE FROM 1 .5  TO 2 .0  T IMES THE VALUES 
O B T A IN E D  WITH THE UNSUPPLEMENT El) C H I C K S .  THE VALUES FOR THE K ID N E Y 
T I S S U E  APPEAR TO FOLLOW A MORE D E F I N I T E  TREND AS THE LEVE L OF MOLYBDENUM 
WAS INCRE ASE D.
S i n c e  h i g h e r  a l k a l i n e  p h o s p h a t a s e  l e v e l s  m a y  b e  a s s o c i a t e d  w i t h
C ER TAI N  BONE M A L F U N C T I O N S ,  I T  IVAS DEC IDE D TO DETERMINE BONE ASH IN  
THE MANNER P R E S CR IB ED  BY A, 0 . A. C. Two CHICKS EACH FROM GROUPS 
FED THREE LE VE LS  OF MOLYBDENUM WERE S EL E C TE D ,  SLAUGHTERED AND BONE 
ASH WAS DETERMINED ON THE L EFT  T I B I A .  As  MAY BE SEEN FROM THE RESULTS
( T a b l e  X X ' / ) ,  a s t a t i s t i c a l  a n a l y s i s  o f  v a r i a n c e  d i d  n o t  r e v e a l  a n y  r e a l
D IFF ER EN C ES  IN THE PER CENT BONE ASH OF THE 20-DAY OLD C H I C K S .
Mo l y b d e n u m  d i d  n o t  a p p e a r  t o  a f f e c t  b o n e  f o r m a t i o n  i n  t h e s e  g r o w i n g
CHICKS.
* * •  P u r i f i e d  R a t  i o n  S t u d i e s  W i t h  C h i c k s  F r o m  N o n - S u p p l e m e n t e d  D a m s  
T h e  p r o c e d u r e s  f o l l o w e d  h e r e  w e r e  t h e  s a m e  a s  t h o s e  d e s c r i b e d  i n  
s e c t i o n  I .  T h e  c h i c k s  w e r e  f r o m  W h i t e  P l y m o u t h  R o c k  h e n s  f e d  t h e
NOM-SUPP LEMEN TED P R A C T I C A L  BREEDER R A T I O N .  THE PURPOSE OF THESE T R I A L S
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TABLE XXIV
A l « A L iME PHOSPHAT ASE l EV 'E l s  on  V a r i o u s  T i s s u e s Oi* Ch i c k s ,  F ro m  T u n g s t a t i
D am s, F e d  Pu RS F J ED R a t so n  P l u s  Mo l y b d e n u m Su p p l e m e n t a t i o n
Ad d e d
Mo l y b d e n u m
( p p m )
Co n t r o l  
( m g ,  P )
1NGUBAY
( l ig .  P ^
e d  Me t  Y i e l d  
) ( m g .  P » )
L i v e r
0 12 ,1 6 6 5 . 5 9 5 3 . 4 3
2 1 3 *2 4 . 6 4 . 1 1 5 0 . 3 3
3 ■*< *"% (Jn:3 O  4 O ' * / 6 5 . 3 0 5 4 . 9 6
5 1 rt 9 c*3 « - » ■ * . , /  „ 6 7 . 4 9 5 7 . 0 2
5 0 10 ,5 7 6 3 . 2 7 5 2 . 7 0
1 0 0 5 .2 7 7 0 . 9 9 6 2 . 7 2
5 0 0 9 ,1 9 3 2 . 6 3 7 3 . 4 9
1 0 0 0 9 ,1 9 " 1  !  . w r ' O  Q  j  4 . ^ . 7 3 , 9 3
2 0 0 0 s .  92 OO Lo/ - I 8 3 . 7 1
3 0 0 0 3 , 5 5 , 1 1 ,  i - O
K | DH£Y
1 0 8 . 7 1
r\
U
* ?  ' " 1  /  * >  
i 4 o » /  8 3 6 . 3 5
2 1 0 .1 1 4 6 .4 0 3 6 . 2 3
3 3 . 3 6 5 1 , 1 5 4 2 . 7 8
£> 7 , 3 5 5 2 . 6 3
50 9 . 0 1 6 ?  R 5 3 . 4 2
1 0 0 1 0 . 5 7 6 4 .1 1 5 3 , 5 4
5 0 0 9 . 9 3 6 5 . 4 6 5 5 . 5 3
1 0 0 0 9 . 4 7 6 7 . 4 9 5 8 . 0 3
2 0 0 0 9 , 1 0 7 9 . 3 0 7 0 . 2 0
3 0 0 0 1 0 . 2 9 8 2 ,7 1 7 2 . 4 2
^ V a l u e s  e x p r e s s e d ! AS m i l l i g r a m s  p h o s p h o r u s  p e r g r a m  t i s s u e  ( w e t  w e i g h t )
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TABLE XXV
Bo n e  Ash  o f  Ch i c k s .  F r o m  T u n g s t a t e  S u p p l e m e n t e d  D a m s ,  F e d  P u r i f i e d
D i e t  P l u s  S u p p l e m e n t a l  Mo l y b d e n u m
Ad d e d
Mo l y b d e n u m  P e r  C e n t
( p p m )  Bo n e  As h
2 5 0 . 9 1
O 5 0 . 9 9
5 0 0 5 0 . 3 3
oov\ 5 1 . 2 9
3 0 0 0 5 0 . 3 2
3 0 0 0 5 0 . 7 2
WAS TO DETERMINE THE EFFECT OF THE FEEDING OF VARIOUS LEVELS OF 
MOLYBDENUM SN A P U R I F I E D  D I E T  TO CHICKS WHOSE DAMS HAD MOT RECEIVED A 
MET ABOLIC ANTAGONIST.  T h e  SUPPLEMENTAL LEVELS OF MOLYBDENUM WERE THE 
SAME AS USED IN  THE PREVIOUS S E C T IO N .
T h e  2 0 —d a y  g a i n s  a n d  f e e d  c o n v e r s i o n s  a r e  s h o w n  sn T a b l e  X X V ! .
A m a n a l y s i s  o f  v a r i a n c e  w as  m ade  o n  THE GROWTH RATE IN T H I S  S E R I E S .  
T h i s  a n a l y s i s  i s  s h o w n  i n  T a b l e  X X V ! ! .  S u p p l e m e n t a l  l e v e l s  o f  1 ,  2 ,  
3 ,  5 ,  1 0 ,  5 0 ,  1 0 0 ,  AND 5 0 0  PPM MOLYBDENUM HAD MO REAL EFFECT ON 
GROWTH OF CHICKS FROM NON—SUPPLEMENTED DAMS. ! l  SHOULD BE NOTED THAT 
IN THE PREVIOUS STUDY THE A D D IT IO N  OF 5 0 0  PPM MOLYBDENUM GAVE A 
HIGH LY  S I G N I F I C A N T  DEPRESSION IN GROWTH AND SUGGESTED THAT T H I S  MIGHT 
BE A TOXIC L E V E L ,  BUT IN C H I C K S ,  FROM NON-SUPPLEMENTED DAMS,  T H I S  
LEVEL OF MOLYBDENUM HAD NO REAL E FF EC T .  T h e  MOLYBDENUM T O X I C I T Y  
LEVEL OF THESE CHICKS APPEARS TO BE CONSIDERABLY H IG H E R ,  AS 1 0 0 0  PPM
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TABLE XXVI
G a i n  a n d  F e e d  Co n v e r s i o n s  o f  Ch i c k s ,  F r o m  Mo n - S u p p l e m e n t e d  D a m s ,  F e d  
P u r  i f ! e d  D i e t  W i t h  Mo l y b d e n u m  Su p p l e m e n t a t i o n s
Ad d e d
Mo l y b d e n u :
( p p m )
10! G a i n  
( G r  AMS )
F e e d
CONVERSIONS
0 177 1 .5 2
1 177 1 .4 7
2 171 1 .4 6
3 1 7 2 1 a 4 9
5 173 1 . 4 6
10 183 1 .4 7
50 1 8 2 1 .4 7
100 1 8 2 1 .4 9
500 175 1 .5 3
1000 U 2 1 . 6 5
2000 9 9 1 . 7 6
SUP PLEMENT AL MOLYBDENUM A D D I T I O N CAUSED A s t a t i s t i c a l l y  s i g n i f i c a n t
D EPR ES S!O N  SN GROWTH R A T E , BUT A H I G H L Y  S I G N I F I C A N T D EP R ES S IO N  IN
GROWTH RATE WAS NOT REACHED U N T I L  THE SUPPLEMENTAL L EVEL o r  M O L Y B -
DENUM VS AS 2000 PPM.
In  o r d e r  t o  d e t e r m i n e I F  THERE WAS A DAM EFFECT E X H I B 1 TED IN
THE CH IC KS FED THE P U R I F I E D R A T I O N ,  AN A N A L Y S I S  OF V a r i a n c e  WAS MADE
COMPARING THE E N T IR E S E R I E S S N THE P R E V IO U S S E C T IO N WITH  THE DATA
O B T A I N E D  IN T H I S  S E R I E S  OF TR I AL s .  T h is  a n a l y s i s  i s SHOWN 1N
T a b l e  XXV I H ,  I t  wa s FOUND THAT THE N ON -SUP PL EM EN TED  C H I C K S  GREW AT A
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TABLE XXVI!
An a l y s i s  o r  V a r i a n c e  on  G a i n s  o f  Ch i c k s ,  F rom  No n- S u p p l e m e n t e d  D a m s ,
F ed  P u r i f i e d  R a t i o n  W i t h  Mo l y b d e n u m  S u p p l e m e n t a t i o n
S o u r c e
De g r e e s  o f  
F r e e d o m
Me am 
S q u a r e
F
V a l u e
T o t a l 8 5 3 -
B e t w e e n  Mo l y b d e n u m  L e v e l s 1 0 2 8 6 2 0 4 3 .3 9 * *
0  v s  1 p p m  Mo l y b d e n u m 1 12 0 . 0 1
0  v s  2  p p m  Mo l y b d e n u m 1 1460 «
CM
0  v s  3  p p m  Mo l y b d e n u m 1 1 3 9 5 2 . 1 4
0 vs 5 p p m  M o l y b d e n u m 1 1 3 5 0 2 . 0 7
0  v s  1 0  p p m  Mo l y b d e n u m 1 1 5 0 6 2 . 3 1
0  v s  5 0  p p m  Mo l y b d e n u m 1 1 3 2 4 2 . 0 3
0  v s  1 0 0  p p m  Mo l y b d e n u m 12 9 1 1 . 9 8
0  v s  $ 0 0  p p m  Mo l y b d e n u m 1 1 2 5 0 . 2 0
0  v s  1 0 0 0  p p m  Mo l y b d e n u m 1 6247 9 . 5 8 *
0  v s  2 0 0 0  p p m  M o l y b d e n u m 1 1 7 7 3 4 7 2 7 2 7 0 1 * *
Er r o r 8 4 3 6 5 2
^ S i g n i f i c a n t  a t  0 . 0 5  l e v e l  
^ S i g n i f i c a n t  a t  0 . 0 1  l e v e l
OF p r o b a b i l i t y  
o f  p r o b a b i l i t y
TABLE XXV t ! I
An a l y s i s  o f  V a r i a n c e  Co m p a r i n g  T h e  R a t e  o f G a i n  Be t w e e n  Ch i c k s  F r o m
S u p p l e m e n t e d  a n d  No n - S u p p l e m e n t e d  D am s
S o u r c e
De g r e e s  of  
F r e e d o m
Me  an 
S q u a r e
F
V ALUE
T o t a l 1789 « .
B e t w e e n  T r e a t m e n t s 1 2 6 5 6 9 . 9 5 1 . 2 * *




^ S i g n i f i c a n t  a t  0.01 l e v e l OF PROBABILITY
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RATE WHICH WAS H I G H L Y  S I G N I F I CANTLY S U P E R I O R  TO THE C H IC KS  PROM THE 
TUMGSTEN—SUP PLEMENTED DAMS.  T H I S  SUGGESTS THAT THE TUNGSTEN FED TO 
THE PARENTS CAUSED A S T A T I S T I C A L L Y  S I G N I F I C A N T  D E P R ES S IO N  IN THE 
RATE OF G A I N  FOR A P E R I O D  OF AT LE A S T  2 0  D A Y S .  ALTHOUGH THESE 
D I F F E R E N C E S  BETWEEN DAM TREATMENTS WERE FOUND TO E X I S T , .  A T T E N T I O N  JS 
C ALLE D  TO THE FACT THAT THE C H IC K S  FROM THE TUNGSTATE SUPPLEMENTED 
DAMS, WHEN FED THE P U R I F I E D  D I E T  C O N T A I N I N G  1 0  OR 5 0  PPM MOLYBDENUM,
SHOY/ED A GREATER INCREASE IN THE RATE OF GA IN  THAN D I D  CHICKS FROM 
MON-SUPPLEMENTED DAMS, WHEN SUPPLEMENTED WITH MOLYBDENUM AT ANY
L E V E L .  T h i s  s u g g e s t s  a  s y n e r g i s t i c  R E L A T I O N S H I P  o f  t u n g s t e n  a n d  
MOLYBDENUM.  THE FACT THAT THE NUMBER OF C H IC KS  I S  RATHER LARGE 
( a n  AVERAGE OF 2 0  GROUPS OF 1 0  C H IC KS  e a c h ) ADDS CONFIDENCE THAT T H I S  
D IF F E R E N C E  IN THE RATES OF G A I N  MIGHT BE A REAL D I F F E R E N C E .
A n a n a l y s i s  o f  v a r i a n c e  w a s  m a d e  o n  t h e  FEED CONVERSION d a t a  i n
T H IS  SE RIES OF T R I A L S ,  T l l l S  A N A L Y S IS ,  PRESENTED IN TABLE X X ! X ,
SHOWED THAT A S T A T I S T I C A L L Y  S I G N I F I C A N T  DIFFERENCE E X I S T E D  IN  THESE
DATA.  Up o n  s e p a r a t i n g  t h e  v a r i o u s  c o m p o n e n t s  i t  was  f o u n d  t h a t ,  as
IN  THE CASE OF THE GAIN DATA,  SUPPLEMENTAL LEVELS OF 1 ,  2 ,  3 ,  1 0 ,  ,
5 0 ,  1 0 0 ,  AND 5 0 0  PPM MOLYBDENUM HAD NO S I G N I F I C A N T  EFFECT ON THE FEED 
CONVERSIONS OF THE CHICKS FROM THE NON -S UP PLE M EN TED  DAMS.  T h e  AD D IT IO N  
OF 1 0 0 0  PPM MOLYBDENUM CAUSED A S I G N  IF  3 CANT DEP R ES S IO N  AMD THE I N C L U ­
S I O N  OF 2 0 0 0  PPM MOLYBDENUM CAUSED A HIGHLY S I G N I F I C A N T  DEPRESSION 
IN THE FEE D  CONVERSIONS OF THE 2 0 —DAY—OLD C H I C K S .
K i d n e y  a l k a l i n e  p h o s p h a t a s e  l e v e l s  w e r e  d e t e r m i n e d  f o r  c h i c k s  
FED THE VARYING L E V E L S  OF SUPPLEMENTAL MOLYBDENUM.  As MAY BE SEEN FROM 
THESE D E T E R M I N A T I O N S  ( T A B L E  X X X )  THERE WAS AN APPARENT INCREASE IN  THE 
L E V E L S  OF T H I S  ENZYME,  E S P E C I A L L Y  AT THE HIG H ER  S U P P L EM EN T AT I O N  L E V E L S .
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TABLE XXIX
An a l y s i s  o f  V a r i a n c e  on  F e e d  Co n v e r s i o n s  of  Ch i c k s ,  F rom No n -  
S u p p l e m e n t e d  D a m s ,  F e d  P u r i f i e d  R a t i o n  W i t h  Ad d e d  Mo l y b d e n u m
S o u r c e
D e g r e e s  o f  
F r e e d o m
Me a n
S q u a r e
F
V ALUE
T o t a l 7 3 ..
B e t w e e n  Mo l y b d e n u m  L e v e l s 10 2 9 3 2 . 10 "
0 v s  1 ppm M o l y b d e n u m 1 229 1.61
0 v s  2 ppm M o l y b d e n u m 1 221 1 . 5 6
0 v s  3 ppm M o l y b d e n u m 1 5 0 Ci ? r
0 v s  5 pp m  M o l y b d e n u m 1 406 2 .8 6
0  v s  1 0  p p m  Mo l y b d e n u m *1 91 0 . 6 4
0  v s  50 p pm  M o l y b d e n u m -I 3 3 0 r Pi
0  v s  I C O  p p m  Mo l y b d e n u m 1 .gosJ s 0 .68
0  v s  5 0 0  p p m  Mo l y b d e n u m A1 t 0..05
0  v s  1 0 0 0  ppm Mo l y b d e n u m 1 6 1 0 1 or- : (-t- ♦ * ■ >
0  v s  2 0 0 0  ppm Mo l y b d e n u m 1 1041 / n S m-
E r r o r A f t'W U 2
A t t h e  3 0 0 0  ppm m o l y b d e n u m SUPPLEMENTATION L EVEL,  BELIEVED TO BE IN THE
TOXIC RANGE, THE ENZYME LEV EL WAS MORE THAN THREE TIMES GREATER THAN
AT LOW SUPPLEMENTATION LEVELS.
I I I .  P r a c t i c a l  Br o i l e r  R a t i o n  S tuds  e s  W i t h  Ch s c k s  F rom T u n g s t a t e  
S u p p l e m e n t e d  D a m s .
T h e  m e t h o d  of  r e a r i n g  t h e  c h i c k s  i n  t h i s  s t u d y  was  t h e  s a m e  as
DISCUSSED IN PREVIOUS SECTIONS.  THE BASAL RATION WAS THE PRACTICAL 
CORN-SOYBEAN MEAL BROILER RATION,  NIME LEVELS OF SUPPLEMENTAL
S3
TABLE XXX
Al k a l i n e  P h o s p h a t a s e  L e v e l s  o f  K i d n e y  T i s s u e s  o f  Ch i c k s ,  F ro m  Mo n -  
S u p p l e m e n t e d  D a m s , F e d  P u r i f i e d  R a t i o n  P l u s  Mo l y b d e n u m
Ad d e d
Mo l y b d e n u m
( p p m )
G a i n
(Gr a m s )
Ne t  Y i e l d  
o f  Al k a l i n e  
P h o s p h a t a s e *
0 1 7 7 3 0 . 2 7 7 5
2 171 2 9 . 8 7 1 8
3 1 7 2 3 1 . 5 6 1 9
5 1 7 3 3 1 . 9 9 9 2
50 182 4 0 . 9 2 1 3
100 182 4 1 . 4 8 5 0
5 0 0 175 44. .  3 0 8 9
1000 1 4 2 5 4 . 2 7 7 5
2000 9 9 6 7 . 9 6 0 0
3000 6 3 1 0 3 . 2 5 5 9
^ V a l u e s  e x p r e s s e d  as  m i l l i g r a m s  
( w e t  w e i g h t ) .
PHOSPHORUS PER GRAM KIDNEY TISSUE
a /
MOLYBDENUM RANGING FORM 0 , 5  TO 1 0 0 0  PPM WERE TESTED, THE CHICKS TESTED
i M r * r > r  « t - r .  r v . a  *  t v  a  * » r *  : r r  n  *7 *  a  r . *  
v»*" r  »-.v»vr <f UiJ ll A il rUMSSTATE SUPPLEMENTED BREEDER RATION,
T h e  p u r p o s e  o f  t h i s  s t u d y  wa s  to  d e t e r m i n e  t h e  e f f e c t  o f  v a r i o u s
LEVELS o r  SUPPLEMENTAL MOLYBDENUM O t^ C H IC K S ,  FROM SUPPLEMENTED DAMS, 
'THEN FED A PRACTICAL BROILER RATION,  T H IS  STUDY INVOLVED 18  LOTS OF 
1 2  CHICKS EACH. T h e  GAINS AMD FEED CONVERSIONS FOR THE 2 0 -D A Y  T R IA L  
PERIOD ARE SHOWN SN TABLE X X X I . An ANALYSIS O f  VARIANCE WAS MADE ON 
THE GAIN DATA AND IS  PRESENTED IN  TABLE XXXJ I *
TABLE XXX!
G a i n s  a n d  F e e d  Co n v e r s i o n s  o f  C h i c k s ,  F r o m  T u n g s t a t e  S u p p l e m e n t e d  D ams 
F e d  A P r a c t i c a l  Br o i l e r  R a t i o n  P l u s  M o l y b d e n u m
Ad d e d
Mo l y b d e n u m Q ft j M
F e e d
CoNVERS
( p p m ) (Gr a m s )
0 o fx'; f~\j i 1 , 6 5
0 . 5 05 Ki J 1 . 6 6
1 . 0 O01 n CO' 3 «
5 . C 2 1 8 1 f-n■J » ̂  i
1 0 . 0 2 2 6 1 f 'A
,rm r\ /r*.
2 0 .  w 2 1 0 1 * 6 3
1 c o . o 2 1 0 1 . 6 7
5 0 0 . 0 164 1 . 7 4
1 0 0 0 . 0 1 2 2 2 * 3 1
8 5
TABLE XXX!!
An a l y s i s  o r  V a r i a n c e  o n  G a i n s  o r  Ch i c k s ,  F rom  T u n g s t a t e  Su p p l e m e n t e d
D a m s ,  F e d  A P r a c t i c a l  Br o i l e r  R a t i o n  P l u s  Mo l y b d e n u m
S o u r c e
De g r e s s  o f
F r e e d o m
Me an 
S q u a r e
r~r
V a l u e
T o t a l 2.07
B e t w e e n  M o l y b d e n u m  L e v e l s 8»•? 26425 5 3 . 9 0 ” "
0 vs  0 .5  ppm M o l y b d e n u m 5 7 6 4 1 . 7 0
0 vs  1 .0  ppm Mo lybdenum \ 2237 4 .9 S »
0  v s  5 . 0  p p m  Mo l y b d e n u m 1 I 4 O4. 3 . 1 3
0 v s  1 0 . 0  p p m  Mo l y b d e n u m 1 4341 9 . 6 7 * *
0 v s  5 0 . 0  p p m  M o l y b d e n u m 1 83 0 . 2 0
0 v s  1 0 0 . 0  p p m  Mo l y b d e n u m 52 0 .1 2
0  v s  5 0 0 . 0  p p m  M o l y b d e n u m 1 2 5 4 1 9 5 6 .6 1 * *
0  v s  1 0 0 0 . 0  p p m  Mo l y b d e n u m -t 9 9 5 9 7 2 2 1 . 8 2 * *
Er r o r •? rto f - r ; 4 4 9 -
^ S i g n i f i c a n t  a t  Q.G5 l e v e l  o f  p r o b a b i l i t y  
^ ^ S i g n i f i c a n t  a t  O . G i  l e v e l  o f  p r o b a b i l i t y
! t was  f o u n d  t h a t  t h e  a d d i t i o n  o f  0 . 5  p p m  m o l y b d e n u m  h a d  no  r e a l
EFFECT OM THE G A IN S .  T h IS  DIFFERENCE WAS SL IGHT AMD MIGHT CONCEIVABLY 
HAVE SEEM S I G N I F I C A N T  IF  LARGER NUMBERS HAD BEEN USED. MOLYBDENUM 
AD D IT IO N  LEVELS OF ONE AND F I V E  PPM GAVE S T A T I S T I C A L L Y  S I G N I F I C A N T
INCREASES IN THE RATE OF G A I N ,  WHILE THE ADDIT ION OF 10  PPM GAVE A 
HIGHLY S I G N I F I C A N T  GROWTH ST IM U L A T IO N .  No EFFECT ON GAIN WAS NOTED 
FROM THE ADD IT ION OF EITHER 5 0  OR 10*0 PPM MOLYBDENUM, INCLUSION OF
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TAGl.il XXX : n
An a l y s is  or V a r ia n c e  on F ees  Co n ve r s io n  Data or Ch i c k s ,  From T ungstai
•SUPPLEMENTED DAMS, FED PRACTICAL BROILER R a T.OM PLUS
MOLVDDSHUV!
D e g r e e s  o f Me a n F
S o u RGE F r e e d o m S q u a r e V a l u e
T o t a l 2 3
Be t w e e n  MOLYSBEMUM LEVELS p 1 0 2 . 5 1*? CSp-S-A3 ii &  S-i-L'
0  v s 0 . 5  PPM WIOLY3DEMU&5 3 - 0 0 . 3 5
A \f r* 1 . 0  p p m  Mo l y b d e n u m 1 p. r>t L . ’  ®  W1 2 . 0 7
0  v o 5 . 0  p p m  Mo l y b d e n u m i k r*J / * \  r d
0  v o 1 0 . 0  p p m  Mo l y b d e n u m 1 O*2 *  >J 0 , 2 3
0  v s 5 0 . 0  p p m  Mo l v s d s n u m 1 i  8  ‘ • F 0 . 3 1
0 1 0 0 . 0  p p m  Mo l y b d e n u m • ?« o  " * vS O  «  V * p O ' )V v
0  v s 5 0 0 , 0  p p m  Mo l  ygjqskum * 8  ^  • ;  w » v \ .  9 \J 11 . 7 6 ™
0  v s 1 0 0 0 , 0  PPM MOLYBDENUM co f r » v - o  •  3
Er r o r
.  r~
J O © (
S j 3M I f  S C Ai'JT AT 0 . 0 1  LE VEL OF FRO BAG 5 L 1TY
5 0 0  r  P M  A M »  1 0 0 0  PPM SUPPLEMENT AL MOLYLDENSJM CAUS ED A H lG H L Y 3 i GH 1 F S CAM'
DEPRESS 301M •! M THE RATES OF GAI N •
A 3T AT 1 ST 1C AL ANALYSI  S 91 AS MADE ON THE FEED C O N V E R S i lH d a t a .  T h e
A N A L Y S I S  :SV VARIANCE J S. SHOWN 1n T a b l e  X X X  H  L  I HE ANALYSt s r e v e a l e d
THAT THE ADD I I I ONS Or C , 5 ,  1# 5 l  1 0 ,  AND 1 0 0  PPM MOLYBDENUM TO THE
PR ACT J SAL - T Y P E  BROILER RAT IO N  l i  ASS NO 5 ISM I F  1C ANT EFFECT OM THE FEED
c o n v e r s i o n  o f  t h e  2 0 - d a y  o l d  c h i c k s .  Ap p a r e n t l y THE 7 0 X i C LEVEL OF
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TABLE XXXIV
U r i c  A c i d  S y n t h e s i s  a s  D e t e r m i n e d  F r o m  V ap.j o u s  T i s s u e s  or C h i o k s ,
F r o m  T u n g s t a t e  S u p p l e m e n t e d  D a m s ,  F e d  A P r a c t i c a l  B r o i l e r  
R a t i o n  P l u s  M o l y b d e n u m  A d d i t i o n s
N e t
1 0 - M I  NUTS 3 0 - 4 4 1 NOTE 2 0 - H I M U 7 E
A d d e d  E m c d g e n o u s  E n d o g e n o u s  E n z y m a t i c
M o l y b d e n u m  G a i n  O x i d a t i o n  O x i d a t i o n  Ox i d a t i o n
( p p m ) ( G r a m s )
16.4
0 . 1 3
L i v e r -
0 201 0.22  0.59  5.02
r  f\ O A'T F“‘, T > - T  .• /T -?
^  ■ -  ■ w 1 f  A v  & > I
•3 »y\ P r> Cs ft • c> "  o O'J w  V ^ 1 ' ’ *»• . ! >  ' »  P  Y . y .  ©  _ , X  I
Pfir j  i A '  r. »o n  Art k n /
K I  DJ ■ i.; V ’
0  2 0 ' ]  0 . 4 2  0 * 5 6
r p  0^-/7 o  / o p tr;A / T O
^  w  i f—  4 /  I  V  »  4 , '  *  ■ » »  . 4.  ©  1’ —
•s T,'"to f  i '*s n  ■A-'? •'
Q . 4 S  0 . 6 9  4 * 0 5
0 . 5 1  0 . 3 0  4 . 1 0
*  D e t e r m i n a t i o n s  a r e  e x p r e s s e d  a s  m i l l i g r a m s  u r i c  a c i d  p e r  g r a m  op
TISSUE {'SET W E I G H ? } .
MOLYBDENUM S U P P L E M E N T / , !  ION WAS REACHED WHEN 5 0 0  PPM MOLYBDENUM WAS 
ADDED, AS T H I S  LEVEL CAUSED A HIGHLY S 5 3 N I F  JCANT BCPRESC3 ON IN  THE 7 S ED
c o n v e r s i o n .  T h e  i  n o l u g  i o n  op. 1 0 0 0  ppm c a u s e d  .a m o r e  m a r k e d  d e p r e s s i o n
o r  THE FEED CONY EBB ION JTJ THESE OH i OKS.
A t THE £KB OF t h e  T R I A L ,  S A B L E S  o r  BIRDS FROM GROUPS FED THE
83
P R A C T I C A L  GUOI L£R RAT 5 ON WITH VO' .YDDZWV 5UPPL ̂ MENTATIONS OF J ,  OU,
1 0 0 ,  5 0 0 ,  AND 1 0 0 3  PPM HERE SLAUGHTERED AMD THE RATE OF URIC TOSS 
SYNTHES13 WAS MEASURED ON L IV E R  AND KIDNEY T ISS U E S.  THESE UR i t  AC I I t  
SYNTHESIS HATES ARE SHOWN IN TABLE XXXSV.  As MAY BE SEEN BY THESE 
DAT A, THERE APPEARED TO BE NO D E F I N I T E  CHANGE EFFECTED BY THE 
DIFFERENT LEVELS Of SUPPLEMENTAL M0LY9BENUM. A S T A T I S T IC A L  ANALYSIS 
F A I L E D  TO REVEAL ANY REAL DIFFERENCES OCCURRING WITHIN  THESE DATA.
T h i s  i s  i n  a g r e e m e n t  w i t h  t h e  f i n d i n g s  w i t h  t h e  c h i c k s  f r o m  t u n g s t a t s
SUPPLEMENTED DAMS, FED A P U R I F I E D  D IE T  PLUS VARIOUS LEVELS C f  MOLYBDENUM 
ADD 3 T ! ON WHICH WAS DISCUSSED IN A PREVIOUS SECT SON.
j v .  P r a c t  .sc a l  J M l k £ «  t e s  S m u g .  W y n  S M M 2 ,  E m  M L l
S u p p l e m e n t e d  D a m s  
T h e  p h o c l c o p e  u s e s  r *  t h e  r e ap. i v g  o f  t h e  2  c - b a y - o l d  c h i c k s  
w a s  t h e  s a m e  a s  w a s  f o l l o w e d  p r e v i o u s l y .  T h e  p u r p o s e  o r  t h i s  s t u d y
WAS TO BE TERM I WE THE EFFECT’ OF VARIOUS LEVELS Q " SUPPLEMENTAL MOLYB­
DENUM ON CHICKS,  FROM NOW-SUPPLEMENTED DAMS, WHEN FED A PRACTICAL 
3ROILER RAT!ON,  T H IS  STUDY INVOLVED 13  LOTS OF 11 CHICKS EACH.
A s  IN  THE PREVIOUS T R I A L ,  THE EFFECTS O f  N iME LEVE LS  OF SUPPLEMENTAL 
MOL. Y3DENUM WERE TES TE D.  THE. RESULTS ARE SHOWN I >1 TABLE XXXV.
An  a n a l y s i s  o f  v a r i a n c e  o f  t h e  g a i n  d a t a  ( T a b l e  X X X V ! )  r e v e a l e d
THAT HIGHLY S I G N I F I C A N T  DIFFERENCES E X IS T E D .  IVhEN THE VARIOUS LEVELS 
OF ADDED MOLYBDENUM WERE S T A T IS T IC A L L Y  COMPARED WITH THE BASAL R ATIO N , 
IT  IVAS FOUND THAT NO REAL DIFFERENCES EXISTED IN THE GAIN PRODUCED 
BY THE BASAL RATION AND THAT FROM THE PRACTICAL BROI LER RATION PLUS 
SUPPLEMENTAL MOLYBDENUM LEVELS OF 1 ,  5 ,  1 0 ,  50  AND 100  PPM, HIGHER 
ADDITIONS OF MOLYBDENUM, X»£»  5 0 0  AMD 1 0 0 0  PPM, CAUSED A HIGHLY S I G ­
N I F IC A N T  DEPRESSION IN THE RATE OF GAIN SHEW COMPARED TO THE GAIN
G a i n  and  F e e d  Co n v e y s  i o n  Da t a  Or C h i c k s ,  F ro m  Wo n - S u p p l e m e n t e d  Dam s, 
F e d  A P r a c t i c a l  B r o i l e r  R a t i o n  W i t h  M o ly b d e n u m  S u p p l e m e n t  a t  t o n
Ad d e d  F e e d
Io l y b d e n u m  Ga i n  Co n v e r s i o n
( p p m ;  (G r a m s )
0 221 1*55
0 . 5  221 1 . 5 5
<i OCR •? V
e. ,n OO-*
©  W  t i u - A *  t
\,\J 9 U
OOa  *? C"2
50*0 221 1.60
^  A r * ,  p . O O F  0  C.
•  * W  4  \ . »  > * - ■ » * .  ' * /  |  £
: ~ >'s ,0 rv -I C X
^ v<i V s v  I f W 'j q, O^ 1
1GG0.Q 115 1 .8 8
SEPPORTEO SY THE BASAL RAT ION.  AGAIN,  AS IN PREVIOUS STUDIES USING 
THESE LEVELS OF ADDED MOLYBDENUM, IT HAS BEEM FOUND THAT IN ALL CASES 
THE ADDITION OF 10C0 PPM MOLTSDENTM APPEARED TO HAVE A TOXIC 1* F E 0 T 
AS EVIDENCED B f  THE RATE OF GAIN AND IN MOST CASES A 5 0 0  PPM SUPPLE­
MENTATION HAS X  MARKED EFFECT.
A g a i n ,  a t t e n t i o n  i s  c a l l e d  t o  t h e  f a c t  t h a t  c h i c k s  f r o m  t u n g s t a t s  
SUPPLEMENTED DAMS, WHEN FED 10 PPM MOLYBDENUM, WERE FOUND TO HAVE A 
HIGHER RATE 0'F GAIN THAN CHICKS FROM MOM-SUPPLEMENTED DAMS, SJKEM FED 
ANY LEVEL OF SUPPLEMENTAL MOLYBDENUM. T H I S  ADCS STRENGTH TO THE 
POSTULATE, REPORTED IN THE P U R I F I E D  RATION SERIE S ,  THAT THERE APPEARS
TABLE XXXV?
An a l y s i s  o r  V a r i a m c e  o n  G a i n  D a t a  o f  C h i c k s ,  F r o m  No n - S u p p l e m e n t e d  
D a w s ,  F e d  A P r a c t i c a l  Br o i l e r  R a t i o n  W i t h  Mo l y b d e n u m  Su p p l e m e n t a t i o n
4
SOORCE
Degrees c r  
Freedom
M e a n
S q u a r e
F
V AcUE
T o t a l 197
Be t w e e n i L e v e l s  o f  M o l y b d e n u m 8 ■Xj i j*̂o f\ 5 2 . 7 0 ^
0 vs C»5 PPM MOLVflOSNUftS 1 / O.C1
0 vs 1 p p m  M o l t o d e m u m T* / . —■ ̂O / 0*86
C V 3 5 PPM MoL'i o »“» r* A*.' <5 '.J j
r>co VS 1G PPM M o LYDEENUM '>r*' ,• r e cO
0 VS 50 p p m  M o l v b d e h u a ’ 0.01
V i 0 ICC ppm  L"oCCassrp.;M rfl ,■ : < -K r1- /: 0V «
0 vs 500 p p m  M o l y b d e n u m 3^296 "O •'*••• ;/ ,4* o W
G vs 1CC0 p p m  M o l y b d e n u m •A 155424 0 3 5 .3 7 - v
E r r o r 189 659
SlGNIFI CANT AT C , G t  LEVEL 0~ i;0 2 AB 1 L 1 T
A S T M E F G i S ' f i O  EFFECT BETWEEN MOLYBDENUM AND TUNGSTEN. AS EVIDENCED ST 
T H I S  3NCAEA~EC A ATE CP G A I N  T O I L  IN THE PP. AS 7 '  C ft;. AND P U R I  T I E D  R AT IO N  
ST U D IE S ,
A S T A T I S T I C A L  ANALYSIS WAS MADE ON THE FEED C O N V E R S I O N .D h i  A "SOM 
7H 3 3 S TU D Y,  S i  WAS FOUND H i  AT NO S T A T S S T t C A L  D I F FE R EN C ES  E X I S T E D  IN  
THE FEED CONVERT SON RA TE S*  i f  IS  TRUE THAT THE HIGHER TWO LEVE LS  OF 
MOLYBDENUM SUP PLEMENT ATI ON APPEARED TO G I V E  A DEP RESSION I N  Ti iE f c . ' i C  
CONVERSION RATE B U T ,  BECAUSE OF THE R E L A T I V E L Y  SMALL NUMBER OF GROUPS
91
~ £ D  £ AC.-I LEVE L AMD THE VAR I AT 3 ON THAT E X I S T E D  W I T H I N  THESE R E S U L T S ,  
THESE H IG H E R  FEED CONVE RSI ON VALUES WERE NOT ST AT I ST  I CALL'S* S I G N I F I C A N T ,  
I n  ORDER TO D ET E R M IN E  WHETHER THE TUNGSTATE 'SUPPLEMENTED B M s)e 
E X H I B I T E D  AN EFF ECT  ON THE G A I N  OR FEED CONVERSION RATE OF THESE 2 0 -  
£  A T - O L D  C H I C K S ,  ANALYSES OF V A R IA N C E  WERE MADE' COUP M ING BOTH THE Q A | f' 
AND FEED CONVERSION RATES BETWEEN THE C H I C K S  FROM TUNGSTATE S U P P L E -  
MEtlTED AND MON- 8U PPLE ME N Tg D  DAMS. I n  BOTH CA SE S,  H I G H L Y  S I G N I F I C A N T  
D I F F E R E N C E S  WERE F O U N D ,  THQ3 I N D I C A T I N G  THAT THE TUNGSTATE FED TO 
THE DATS HAD THE EFFECT OF D ECREA SIN G BOTH THE RATE OF G A I N  AND THE 
FLED C ON YE R S! C'M OF CH IC K S 7 0  AT LEAPT 2 0 - B A V C  OF ' G ,
A t  THE COMP LETION o f  THE T H I E L ,  S I R C S  IVERE S ELE CTE D FROM GROUPS 
T ED LEVELS OF C ,  5 0 ,  1 0 0 ,  5 0 0 ,  AND 1CGQ F V ‘-A. MOLYBDENUM.  T|-4£ 2 5 R 2 S  
WERE SLAUGHTERED AND U R I C  AC I D  S Y N T H E S I S  ( AS D E S C R I B E D  I N  A p P L N L i K  
11)  D E T E R i m ' A T  I CHS '’ ’URL ’ ‘ ADcl CM L I T E R  AND K I D N E Y  T I S S U E S  U S I N G
x a n t h in e  as the  euB svr a t u , T hese  d  v c a r e  p r e s e n t e d  in  T a b le  X X X V I} .  
Ag a i n ,  as i n  the p r e v io u s  c as es  of s i m i l a r  u r ic  a c id  d e t e r m i n a t i o n s ,
THE MOLYBDENUM ADDED 7 0  THE -DIETS D I D  NOT E X H I B I T  A D E F I N I T E  EFT EC 77 
An A N A LY SIS  OF VAR IA NC E " A ! L E D  TO d;D-XAL AN1; S I G N I F I C A N T  D t FFiHK-KFES  
I N  THESE  D A T A .  3N A ODNp AFi I SON OF 7F.ESE DATA T 5 7 H  THE DAi 'A FROM 
TUNGSTATE SUPPLEI /E  W7EO CH IC K S I N  THE P R E V I O U S  T R I M . ,  I T  WAS POUND THAT  
THERE WAS AN OVER -ALL INCREASE IN THE UR 10 AC 11' SYNTHES S 0 IN TISSUES 
FROM THE MON-$UI>PLEMEKTED C H IC K S.
S u m m a r y
I t  WAS FOUND THAT THERE WAS A CARRY-OVE R OF TUNGSTEN FROM THE  
. DAM ( F E D  SUPPLEMENTAL TUNGS TEN )  TO THE C H I C K S  AND THAT THE K ID N E Y
C ON TA IN ED  LARGE AMOUNT'S OF TUNGSTEN COMPARED TO C H I C K S  FROM
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TABLE XXXV i I
U r ic  A c id  S y n th e s is  as D eterm ined From V a rio u s  T is su e s  or 
C h ic k s , From Non-Supp eewentgd Dams, Fed A P r a c t ic a l  





OS I DAT ICW
3 0 - M I K U 7 E
En d o g e n o u s
©XIDAT I OH
Ne t  
2 0 - M I H U  I E  
Em z v m a t 1C 
OXIDAT ION
(Gr a m s )
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O ; 'VO'l-tf { i  « WO
fi W W r. nL y  4  , * •  I 4 - . r .  / ,  v  • o* rx>
-• DETERMINATIONS EXPRESSED AS MILLIGRAMS UR | C ACID PER GRAM 11SSUE
( we t  w e i g h t ) .
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MON-SUPI*LEMSWTEB T im s .  Wh e w  t fH lCKS r f tc? . '  t h e  t u m g s t a i s  s u p p l e m e n t e d  
HENS,  WERE FED E H  HEP. THE P U R I F I E D  RATION OR THE PR ACTICAL  BROILER 
RAT ION THEY GRES AT A S I G N I F I C A N T L Y  SLOWER RATE THAN B I D  CHICKS FROM 
MOM-SUPPLEMENTED DAMS. t?HEN MOLYBDENUM WAS ADDED TO THE RAT ION IN  
SUPPLEMENTAL LEVELS UP TO 1 0 0  PPM THERE WAS NO EFFECT OH GROWTH OR 
FEED CONVERSION IN THE CASE OF CHICKS FROM MOW-SUPPLEMENTEB BAMSJ 
HOWEVER, THE CHICKS FROM 7UNGST ATE SUPPLEMENTED DAMS , MAIE S I GM I F I C ANTLY 
GREATER GA INS OVER THOSE OBTAINED ON THE BASAL RATION© WHEN SUPPLE­
MENTED WITH MOLYBDENUM UP TO IC O  PPM. S t  WAS OF INTEREST TC F I N D  THAT 
THESE CHICKS ACTUALLY MADE GREATER G A I N S ,  WHEN FED THE BASAL ft AT ICM© 
WITH 1 0  AKD 9 0  PPM MOLYBDENUM, THAN D i r  CHICKS FROM MON-SUPP LEMgMTED 
DAMS REGARDLESS OF THE LEVELS OF MOLYBDENUM SUPPLEMENTATION.  T h I©  
SUGGESTED THAT THERE MIGHT 2E A SYNERG12 7 1C EFFECT OF MOLYBDENUM AND 
TUNGSTEN FOR GROWING C H IC K S .  T a i i  ADR IT ION OF 5 0 0  PPM MOL'* GDENUM TO 
E ITH ER  THE P U R I F I E D  D I E T  OR THE PR ACTIC AL  BROILER RAT ICM RESULTED IN 
A S I G N I F I C A N T  DEPRESSION IN THE RATES OF G A IN  AND FEED CONVERSIONS Or 
CHICKS FROM THE TUNG ST ATE SUPPLEMENTED DAMS. T H I S  APP ARE NT " T O X I C  
L E V E L "  WAS NOT REACHED, IN THE CASE OF THE CHICKS FROM THE NON- 
SUPPLEMENTED DAMS,  U N T I L  THE MOLYBDENUM SUPPLEMENTATION REACHED 1 0 0 0  
PPM IN EITHER OF THE BASAL RAT IC-NS USED.
R e s u l t s  o b t a i n e d  f r o m  m e a s u r e m e n t s  o r  u r i c  a c i e  s y n t h e s i s  i n  t h e
L I V E R  AND KIDNEY D I D  NOT REFLECT ANY DIFFERENCE IN FEED SUPP LE&EKT AT ION
OR RATE OF G A I N .  A L K A L IN E  PHOSPHATASE A C T I V I T I E S  APPEARED TO INCREASE 
VIIT H THE INCREASING LEVELS OF MOLYBDENUM SUPPLEMENTATION.  WHEN THE 
SO CALLED " T O X I C  L E V E L S "  WERE REACHED, AS MEASURED BY GAINS AMD FEED
CONVERSIONS, THERE WERE MARKED INCREASES IN THE LEVEL 
PHOSPHATASE A C T I V I T Y . ,  I t  APPEARS THAT INCREASES IN A 
MIGHT HAVE RESULTED IN THESE INCREASED ENZYME LEVE LS.
S OF ALKALINE 
STRESS CONDITI
9 5
D .  T u n g s t a t e  S u p p l e m e n t a t i o n  2 £  Ch i c k  D i e t s
I n t h e  p r e v i o u s  s t u d y  i t  a p p e a r e d  t h a t  t u n g s t e n  a n d  m o l y b d e n u m
MIGHT EXERT A SYNERGISTIC EFFECT IN GROWING CHICKS.  IN ORDER TO 
TEST THIS POSTULATE, IT WAS DEEMED APPROPRIATE TO UNDERTAKE A STUDY 
IN WHICH VARICUS LEVELS OF TUNGSTEN COULD BE TESTED IN THE RATIONS,
WITH AND WITHOUT THE PRESENCE OF SUPPLEMENTAL LEVELS OF MOLYBDENUM.
T h i s  s t u d y  i n v o l v e d  c h i c k s  fr o m  t u n g s t a t e  s u p p l e m e n t e d  a n d
NON-SUPPLEMENTED WHITE PLYMOUTH ROCK HENS AS WELL AS COMMERCIAL
V a n t r e s s -Wh i t e  P l y m o u t h  Ro c k  c h i c k s . Ar r a n g e m e n t s  were  m a d e  w i t h  a 
COMMERCIAL HATCHERY TO SUPPLY CHICKS FROM THE SAME FLOCK FOR THE TIME 
NECESSARY TO CONDUCT THIS SERIES OF TRIALS USING THE VANTRESS-CROSS 
CHICKS.  T he  METHOD o f  r a i s i n g  t h e  c h i c k s  was  t h e  s a m e  AS DISCUSSED 
IN  PREVIOUS STUDIES,  EXCEPT THAT ALL CHICKS WERE PLACED ON THE BASAL 
RATIONS FOR A PERIOD OF ONE WEEK. A t THE END OF THIS PERIOD THE CHICKS 
WERE WEIGHED IN DIV IDUALLY AND ALLOTTED INTO GROUPS. T H IS  PROCEDURE 
WAS USED IN AN ATTEMPT TO REDUCE THE VARIATION WITHIN EACH TREATMENT.
T w e n t y - d a y  g a i n s  a n d  f e e d  c o n v e r s i o n s  were  t h e  c r i t e r i a  u s e d  i n  t h i s  
SERIES OF T R IA L S .
A THREE BY THREE FACTORIAL TYPE EXPERIMENT WAS DESIGNED TO STUDY 
THE VARIOUS LEVELS OF MOLYBDENUM AND TUNGSTEN IN THESE CHICKS. ALL 
POSSIBLE COMBINATIONS OF ZERO, ONE, AND TEN PPM TUNGSTEN AND ZERO,
ONE, AND TEN PPM MOLYBDENUM WERE TESTED. SAMPLES OF BIRDS FROM EACH 
TREATMENT WERE SLAUGHTERED AND URiC ACID SYNTHESIS AND ALKALINE PHOS­
PHATASE A C T I V I T I E S  WERE DETERMINED AT THE END OF THE T R IA L S .
I .  P u r i f i e d  R a t i o n  S t u d i e s  W i t h  Ch i c k s  F rom T u n g s t a t e  F ed  He n s  
E i g h t e e n  l o t s  o f  1 0  c h i c k s  e a c h  were  u s e d  i n  t h i s  s t u d y .  T he  r a t e
OF GAIN AND FEED CONVERSIONS ARE PRESENTED IN TABLE X X X V I I I .
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TABLE XXXVI 11
G a i n  a n d  F e e d  Co n v e r s i o n  D a t a  on  Ch i c k s ,  F rom  T u n g s t a t e  S u p p l e m e n t e d  
Da m s ,  F e d  P u r i f i e d  R a t i o n  W i t h  T u n g s t e n  a n d  Mo l y b d e n u m  Ad d i t i o n s
El e m e n t  Ad d e d  
(p p m )
G a i n
(Gr a m s )
F e e d
Co n v e r s i o n
0  Mo l y b d e n u m
+ 0 T u n g s t e n 2 3 4 1 . 3 5
+ 1 T u n g s t e n 24.2 1 . 3 7
+ 10 T u n g s t e n 2 2 3 1.76
1 Mo l y b d e n u m
+ 0  T u n g s t e n 2 3 7 1 . 4 1
+ 1 T u n g s t e n 253 1 . 4 3
+ 10 T u n g s t e n 2 2 9 1 . 4 7
1 0  Mo l y b d e n u m
+ 0  T u n g s t e n 246 1 . 4 7
+ 1 T u n g s t e n 2 5 4 1 . 3 5
+ 1 0  T u n g s t e n 2 3 8 1 . 5 1
An a n a l y s i s  o f  v a r i a n c e  w a s  m a d e  o n  t h e  g a i n s  a n d  i s  p r e s e n t e d  
i n  T a b l e  XXXIX. T h e  a n a l y s i s  s h o w e d  t h a t  t h e r e  w e r e  h i g h l y  s i g n i f i ­
c a n t  DIFFERENCES IN THE RATE OF GAIN  IN THESE T R I A L S .  WHEN THE EFFECTS 
OF THE DIFFERENT AD D IT IV ES  WERE S T A T I S T I C A L L Y  COMPARED, I T  WAS FOUND 
THAT THE AD D IT IO N  OF ONE PPM OR 1 0  PPM TUNGSTATE HAD NO S T A T I S T I C A L L Y  
S I G N I F I C A N T  EFFECT WHEN ADDED TO THE BASAL R A T IO N .  THE AD D IT IO N  OF 
ONE PPM MOLYBDENUM HAD NO EFFECT;  HOWEVER THE SUPPLEMENTATION OF THE 
P U R I F I E D  RATION WITH ONE PPM OF MOLYBDENUM AND ONE PPM OF TUNGSTEN 
CAUSED A HIGHLY S I G N I F I C A N T  INCREASE IN THE RATE OF G A I N .  T h e  ADDIT ION  
OF ONE PPM MOLYBDENUM IN THE PRESENCE OF 10  PPM TUNGSTATE HAD NO REAL
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TABLE XXXIX
An a l y s i s  o f  V a r i a n c e  o n  Ga i n  o f  Ch i c k s ,  F rom  Tu n g s t a t e  S u p p l e m e n t e d  
D a m s ,  F e d  P u r i f i e d  R a t i o n  W i t h  Mo l y b d e n u m  a n d  T u n g s t e n  Ad d i t i o n s
So u r c e
D e g r e e s  o f  
F r e e d o m
Me a n
Sq u a r e
F
V a l u e
T o t a l 177 - -
Be t w e e n  Ad d i t i v e  T r e a t m e n t s 8 1006.0 2 . 41*
T u n g s t a t e 2 8 4 .0 0.20
Mo l y b d e n u m 2 6040.0 1 4 . 4 8 * *
0 vs  1 ppm Molybdenum 1 4 3 . 0 0.01
0 vs  10 ppm Molybdenum 1 1816.0 4 . 3 5 *
T u n g s t a t e  X Mo l y b d e n u m 4 1 5 5 8 5 .0 3 7 . 3 8 * *
0 VS 1 PPM Mo^ +  1 PPM 1 2 1 4 3 .0 5 . 1 4 *
0 VS 1 PPM Mo + 1 0  PPM W 1 168.0 0.40
0 VS 10 PPM Mo +  1 PPM W 1 2 2 8 3 .0 5 . 4 7 *
0  VS 10 PPM Mo +  10 PPM W 1 4 2 . 0 0.01
Er r o r 1 6 9 4 1 7 . 0 -
^ S i g n i f i c a n t  a t  0.05  l e v e l  o f  p r o b a b i l i t y
* * S i g n i f i c a n t  a t  0.01 l e v e l  o f  p r o b a b i l i t y
#Mo =Mo l y b d e n u m j  W=Tu n g s t e n
EFFECT ON GAIN WHEN COMPARED TO THE b a s a l  r a t i o n .  As HAS BEEN FOUND
IN PREVIOUS T R I A L S ,  THE ADDITION OF 10 PPM MOLYBDENUM PRODUCED A
S I G N I F I C A N T  INCREASE IN THE RATE o f  g a i n . Wh e n ONE PPM TUNGSTATE
WAS ADDED TO THE RATION THAT CONTAINED 1 0  PPM MOLYBDENUM, A HIGHLY 
S I G N IF IC A N T  INCREASE IN THE RATE OF GAIN WAS FOUND. THE SUPPLEMENT
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OF 1 0  PPM MOLYBDENUM AND 10  PPM TUNGSTEN IN THE P U R I F I E D  RATION D ID  
NOT IMPROVE THE RATE OF GAIN COMPARED TO THE BASAL R A T IO N .  THE 
EFFECT OF THE TUNGSTEN IN THIS  RATION WAS MOST INTERESTING BECAUSE 
ALL PREVIOUS REPORTS STATED THAT TUNGSTEN WAS AN ANTAGONIST TO 
MOLYBDENUM IN NUTRITIO NAL  S T U D IE S .
An a n a l y s i s  o f  v a r i a n c e  was MADE on t h e  f e e d  c o n v e r s i o n  d a t a  
( T a b l e  X L ) .  The a n a l y s i s  r e v e a l e d  t h a t  h i g h l y  s i g n i f i c a n t  d i f f e r e n c e s
EXISTE D W IT H IN  TH IS  T R I A L .  I T  WAS FOUND THAT THE AD D IT IO N  OF 10  PPM 
TUNGSTATE RESULTED IN A HIGHLY S I G N I F I C A N T  DEPRESSION IN  THE FEED 
CONVERSIONS. ALTHOUGH SOME OF THE OTHER A D D IT IV ES  AFFECTED THE FEED 
CONVERSION, THESE DIFFERENCES WERE NOT S T A T I S T I C A L L Y  S I G N I F I C A N T .
T h e s e  m i g h t  h a v e  b e e n  s i g n i f i c a n t  i f  m o r e  o b s e r v a t i o n s  h a d  b e e n
RECORDED. A t THE END OF THE T R I A L  PERIOD TWO BIRDS FROM EACH TREATMENT 
WERE SLAUGHTERED. UR I C Ac I E SYNTHESIS WAS MEASURED ON L IV E R  AND 
KIDNEY T I S S U E S .  THE RESULTS OF THESE DETERMINATIONS ARE SHOWN IN
T a b l e  X L I .  T h e r e  a p p e a r e d  t o  be no e f f e c t  on t h e  r a t e  o f  u r i c  a c i d
S Y N T H E S IS  FOR ANY OF THE SUPPLEM ENTAL LE V E L S  OF MOLYBDENUM OR TUNGSTEN, 
ALTHOUGH THERE WERE S IG N I F I C A N T  D IF FE R E N C E S  IN  THE RATES OF G A I N .
1 1 • P u r i f i e d  R a t i o n  S t u d i e s  W i t h  Ch i c k s  F rom  Nq n - S u p p l e m e n t e d  D ams 
T h e  s a m e  f a c t o r i a l  e x p e r i m e n t a l  d e s i g n  was  u s e d  as was  d e s c r i b e d  
i n  S e c t i o n  D - l .  T h e  p u r p o s e  o f  t h i s  t r i a l  was  t o  d e t e r m i n e  t h e  e f f e c t
OF V A R IO U S LE V E LS  OF MOLYBDENUM AND TUN G STEN , BOTH TOGETHER AND 
S E P A R A T E L Y , IN  THE P U R I F I E D  D I E T  FED  TO C H IC K S  FROM NON-SUPPLEMENTED
Wh i t e  P l y m o u t h  Ro c k  h e n s .  T h e  c r i t e r i a  e m p l o y e d  w er e  2 0 - d a y  g a i n ,
FEED CONVERSION AND URIC ACID SY NTHESIS .  THE GAIN AND FEED CONVERSION 
DATA ARE PRESENTED IN TABLE X L I I .
TABLE XL
An a l y s i s  o f  V a r i a n c e  o n  F e e d  C o n v e r s i o n s  o f  C h i c k s ,  F r o m  T u n g s t e n  F e d  
D a m s ,  F e d  P u r i f i e d  R a t i o n  P l u s  S u p p l e m e n t a l  Mo l y b d e n u m  a n d  T u n g s t e n
So u r c e
De g r e e s  of  
F r e e d o m
Me a n
S q u a r e
F
V a l u e
T o t a l 17 - -
Be t w e e n  Ad d i t i v e  T r e a t m e n t s 8 7 1 1 . 0 2 6 . 8 0 " "
T u n g s t a t e 2 4 8 7 . 3 1 8 . 0 4 " "
0  vs 1 p p m  T u n g s t a t e 1 5 . 0 0 .2 0
0 vs  10  p p m  T u n g s t a t e 1 3 2 8 .0 1 2 . 1 4 " "
Mo l y b d e n u m 2 2 7 . 8 1 . 0 3
T u n g s t a t e  X Mo l y b d e n u m 4 1 5 7 . 6 5 .  8 4 *
0 vs 1 ppm Mo3̂  +  1 P P M  Wt 1 1 1 .0 0 . 4 0
0  vs 1 p p m  Mo +  10  p p m  iV 1 2 6 . 0 0 . 9 9
0 vs 10  ppm M o  +  1 ppm W 1 1 .0 0 . 0 3
0  vs  1 0  p p m  Mo +  10  p p m  W 1 5 0 .0 1 . 8 5
E r r o r 10 2 7 . 0 -
" " S i g n i f i c a n t  a t  0 . 0 1  l e v e l  o f
#MO=iViOLYBDENUMJ W = T U N G S T E N .
P R O B A B I L I T Y
A s t a t i s t i c a l  a n a l y s i s  o f  v a r i a n c e  on t h e  r a t e  o f  g a i n  i s  p r e s e n t e d  
i n  T a b l e  X L I 1 1 .  The a n a l y s i s  r e v e a l e d  t h a t  h i g h l y  s i g n i f i c a n t  d i f f e r ­
e n c e s  e x i s t e d  w i t h i n  t h e  t r i a l .  I t  was f o u n d  by s t a t i s t i c a l  co m par­
is o n s  THAT THE ADDITION OF ONE PPM TUNGSTEN HAD NO REAL EFFECT ON THE 
2 0-DA Y GROWTM RATE, BUT THAT THE ADDITION OF 1 0  PPM TUNGSTEN TO THE 
RATION CAUSED A HIGHLY S IG N IF IC A N T  DEPRESSION OF GROWTH RATE, THE
1 0 0
TABLE XLI
U r i c  A c i d  D e t e r m i n a t i o n s  o n  T i s s u e s  o n  C h i c k s ,  F r o m  T u n g s t a t e  
D a m s ,  F e d  A P u r i f i e d  D i e t  P l u s  Mo l y b d e n u m  a n d  T u n g s t e n  S u p p l e m e n t s
Element
Added










Oxid a tio n I
L iver
0 Mo*+ 0 W# 0*26 0.27 5.28
0 Mo + 1 I 0.28 0.30 6.84
0 Mo + 10 W 0,22 0.25 5.68
1 Mo + 0 1 0.13 0.17 6.12
1 Mo + 1 W O .U 0.15 5.81
1 Mo + 10 W 0.11 0.17 4.81
10 Mo + 0 W 0.27 0.28 6.67
10 Mo + 1 W 0.27 0.27 8.18
10 Mo + 10 W 0.24 0.25 7.69
0 Mo + 0 W
Kidney
0.50 0.55 6.50
0 Mo + 1 W 0.64 0.74 6.00
0 Mo + 10 W 0.51 0.53 6.65
1 Mo + 0 W 0.39 0.44 5.68
1 Mo + 1 W 0.30 0.38 6.09
1 Mo + 10 W 0.29 0.36 4.78
10 Mo + 0 1 0.56 0.69 7.63
10 Mo + 1 W 0.51 0.59 7.10
10 Mo + 10 W 0.50 0.52 6.08
1 Ur ic  Ac id  determinations are expressed
GRAM T I S S U E  ( l « E T  W E I G H T )
AS M I L L I G R A M S URIC ACID PER
# Mo = M o l y b d e n u m # W = Tungsten
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TABLE XLII
G a i n  a n d  F e e d  C o n v e r s i o n  D a t a  o f  C h i c k s ,  F r o m  No n - S u p p l e m e n t e d  D a m s ,  
F e d  A P u r i f i e d  R a t i o n  W i t h  T u n g s t e n  a n d  Mo l y b d e n u m  Ad d i t i o n s
F e e d
E l e m e n t  Ad d e d  G a i n  C o n v e r s i o n
( p p m ) ( G r a m s )
0 M o l y b d e n u m
+  o T u n g s t e n 247 • 1.33
+ 1 T u n g s t e n 250 1.3S
+ 10 T u n g s t e n 176 1.84
1 Mo l y b d e n u m
+  0 T u n g s t e n 2 42 1.39
+ 1 T u n g s t e n 257 1.39
+ 10 T u n g s t e n 228 1.43
10 Mo l y b d e n u m
+  0 T u n g s t e n 242 1.37
+ 1 T u n g s t e n 260 1.31
+ 10 T u n g s t e n 235 1.48
ADDITION OF ONE PPM MOLYBDENUM PLUS 10 PPM TUNGSTEN RESULTED IN A 
HIGHLY S I G N IF IC A N T  GROWTH DEPRESSION BUT THE DEPRESSION WAS NOT AS 
DRASTIC AS THAT FROM 10 PPM TUNGSTATE ALONE. THE ADDITION OF 10 PPM 
MOLYBDENUM PLUS 10 PPM TUNGSTEN S T IL L  RESULTED IN A S I G N IF IC A N T  
DEPRESSION IN G A IN ,  BUT NOT AS SEVERE AS WHEN 10 PPM TUNGSTATE WAS 
ADDED ALONE, OR IN THE PRESENCE OF ONE PPM MOLYBDENUM.
T h e  SAME TREND WAS FOUND IN TH IS  TRIAL AS IN THE CASE OF THE 
CHICKS FROM THE TUNGSTATE SUPPLEMENTED DAMS. WHEN ONE PPM MOLYBDENUM 
WAS ADDED IN THE PRESENCE OF ONE PPM TUNGSTEN, A S IG N IF IC A N T  S T IM ­
ULATION IN GAIN RESULTED. T H I S  WAS MAGNIFIED WHEN THE RATIO OF
1 0 2
TABLE XL 111
An a l y s i s  o f  V a r i a n c e  o n  Ga i n  of  Ch i c k s ,  F r o m  No n - S u p p l e m e n t e d  D a m s ,  
F e d  A P u r i f i e d  D i e t  P l u s  Mo l y b d e n u m  a n d  T u n g s t e n  S u p p l e m e n t a t i o n s
De g r e e s  o f Me a n F
S o u r c e F r e e d o m S q u a r e V a l u e
T o t a l 143
Be t w e e n  Ad d i t i v e  T r e a t m e n t s 8 1514- 5 .0 3 **
Mo l y b d e n u m 2 437 1.45
T u n g s t a t e 2 5245 17 .40**
0  v s  1 p p m  T u n g s t a t e 1 175 0 . 5 8
0  vs 1 0  p p m  T u n g s t a t e 1 6 1 6 0 20 .49**
T u n g s t a t e  X M olyb d en u m 4 7006 23 .27 **
0 vs  1 ppm Mo +  1 PPM W 1 1818 6.04*
0 vs  1 PPM Mo +  10 PPM W 1 4513 14 .99**
0 VS 10 PPM Mo +  1 PPM IV 1 2048 6 .8 8 **
0 VS 10 PPM Mo +  10 PPM W 1 1741 5.80*
E r r o r 135 301
*  S i g n i f i c a n t  a t  0.05 l e v e l  o f P R 0 8 A B I L I T Y
* *  S i g n i f i c a n t  at  0 . 0 1  l e v e l  o f p r o b a b i l i t y
Mo =  M o lyb d en u m  W =  T u n g s t e n
m o l y b d e n u m : t u n g s t e n  w a s  1 0 : 1 ,  as  a h i g h l y  s i g n i f i c a n t  g r o w t h  s t i m u l a t i o n  
was  o b s e r v e d .  T h e  a d d i t i o n  o f  o n e  p p m  o r  1 0  p p m  m o l y b d e n u m  a l o n e  h a d
NO REAL EFFECT.  T H I S  WAS FOUND TO BE IN AGREEMENT WITH EARLIER RESULTS 
REPORTED IN T H I S  OVER-ALL STUDY. AGAIN T H I S  PO IN TS UP THE FACT THAT 
THERE APPEARS TO BE A SYNER GISTIC  EFFECT OF TUNGSTEN AND MOLYBDENUM IN
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TABLE XLIV
An a l y s i s  o f  V a r i a n c e  o n  F e e d  Co n v e r s i o n  o f  Ch i c k s ,  From  No n - S u p p l e m e n t e d  
D a m s ,  F e d  A P u r i f i e d  D i e t  W i t h  Mo l y b d e n u m  a nd  T u n g s t e n  S u p p l e m e n t a t i o n
S o u r c e
De g r e e s  o f  
F r e e d o m
Me a n
S q u a r e
F
V a l u e
T o t a l 17
Be t w e e n  Ad d i t i v e s 8 284.0 2.39
T u n g s t a t e 2 70.4 0.59
Mo l y b d e n u m 2 104.0 0.83
T u n g s t a t e  X Molybdenum 4 207.4 1.72
Er r o r 9 119.0
D IE T S  OF GROWING CHICKS.  T h IS  SYNERGISTIC EFFECT VIAS FOUND IN CHICKS 
REGARDLESS OF THE TREATMENT OF DAMS FROM WHICH THEY CAME.
AN ANALYSIS OF VARIANCE WAS MADE ON THE FEED CONVERSIONS AND IS 
PRESENTED IN TABLE X L I V .  T h e  ANALYSIS REVEALED NO S I G N IF IC A N T  D IF F E R ­
ENCES EXISTED IN THE FEED CONVERSIONS. HAD MORE GROUPS BEEN USED IN 
T HIS  STUDY, THERE IS L IT T L E  DOUBT THAT THE FEED CONVERSIONS OF THE 
GROUPS FED 1 0  PPM TUNGSTEN WOULD HAVE BEEN ST ATIS T ICALLY S I G N I F I C A N T .
TWO BIRDS FROM EACH GROUP WERE SELECTED AND URIC ACID SYNTHESIS 
WAS MEASURED IN LIVER AND KIDNEY T IS S U E S.  THE RESULTS OF THESE 
DETERMINATIONS ARE SHOWN IN TABLE X L V . AGAIN ,  THERE APPEARED TO BE NO 
CORRELATION BETWEEN GROWTH AND THESE DETERMINATIONS. IT  WAS DECIDED  
TO DISCONTINUE THE URIC ACID DETERMINATIONS,  SINCE NO CORRELATION WITH  




Ur i c  Ac i d  D e t e r m i n a t i o n s  o f  T i s s u e s  F r o m  Ch i c k s ,  F rom  No n - S u p p l e m e n t e d
D a m s ,  F e d  A P u r i f i e d  D i e t  W i t h  Mo l y b d e n u m  a n d  T u n g s t e n  Ad d i t i o n s
Element
Added
( p p m )
10 -M1NUTE
Endogenous









0 Mo + 0 W* 0.40 0.44 8.32
0 Mo + 1 W 0.28 0.32 8.95
0 Mo + 10 W 0 .1 8 0.21 8.32
1 Mo + 0 W 0.25 0.29 7.58
1 Mo + 1 W 0.19 0.30 7.74
1 Mo + 10 W O.14 0 .2 4 8 .42
10 Mo + 0 W 0.26 0 .5 0 8.94
10 Mo + 1 W 0.30 0.54 9.38
10 Mo + 10 W 0.22
Kidney
0.41 7.31
0 Mo + 0 W 0 . 6 0 0.62 7.41
0  Mo + 1 W 0.40 0*46 8.21
0  Mo + 1 0  IV 0.42 0.51 9.26
1 Mo + O ff 0.51 0.62 7.37
1 Mo + 1 W 0.69 0.79 9.47
1 Mo + 10 W 0 .4 0 O.64 8.36
10 Mo + 0 W 0.38 1.49 10.14
10 Mo + 1 W 0.77 1.42 7.85
10 Mo + 10 W 0.77 1.29 9 .6 0
1 Uric Acid determination expressed as m illigram s uric  
TI3SUE (wet w eight).
acid  per gram
*  Mo = M olyb d en u m W = Tungsten
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I M .  P r a c t i c a l  Br o i l e r  R a t i o n  S t u d i e s  W t t h  C q m m e r c i a l  C h i c k s
A COMMERCIAL BROILER STRAIN WAS USED IN TH IS  STUDY. THE CHICKS 
WERE FED THE PRACTICAL TYPE BROILER RATION PRESENTED IN TABLE I .  THE 
GAIN AND FEED CONVERSION DATA OBTAINED IN T H IS  STUDY ARE PRESENTED IN
T a b l e  XLVS.
A ST A T IS T ICA L  ANALYSIS WAS MADE ON THE GAIN DATA. T H IS  ANALYSIS
( T a b l e  XLVII) r e v e a l e d  s i g n i f i c a n t  d i f f e r e n c e s  o c c u r r i n g  w i t h i n  t h e
RATES OF G A I N .  By MEANS OF S T A T I S T I C A L  COMPARISONS I T  WAS FOUND 
THAT S IN G L E  A D D I T I O N S  OF TUNGSTEN AT ONE OR 1 0  PPM HAD NO S I G N I F I C A N T  
EFFECT ON THE 2 0 - D A Y  GA IN S  WHEN COMPARED TO THE RATE OF G A I N  SUPPORTED 
BY THE BASAL BRO ILER  RAT ION  ALONE.  THE A D D I T I O N  OF ONE PPM MOLYBDENUM, 
ONE PPM MOLYBDENUM PLUS ONE PPM TUNGSTEN,  AND 1 0  PPM MOLYBDENUM PLUS
ONE PPM TUNGSTEN ALL CAUSED A S I G N I F I C A N T  INCREASE IN THE RATE OF
G A I N .  T h e  SUPPLEMENTATION OF 1 0  PPM MOLBYDENUM ALONE OR WITH THE 
A D D I T I O N  OF 1 0  PPM TUNGSTEN HAD NO EFFECT ON THE RATE OF G A I N  WITH
C H I C K S  USED IN T H I S  STUDY.
An ANALYSIS OF VARIANCE WAS MADE ON THE FEED CONVERSION DATA 
OBTAINED FROM T H IS  STUDY. T H I S  ANALYSIS IS (PRESENTED IN TABLE XLV I I I .
I t  WAS FOUND THAT NONE OF THE ADDITIVES CAUSED AN IMPROVEMENT OF 
FEED CONVERSION OVER THAT OBTAINED FROM THE PRACTICAL BROILER D IET  
WITH NO A D D I T I V E S .  THE ADDITION OF 1 0  PPM TUNGSTEN TO THE BROILER 
RATION RESULTED IN A HIGHLY S I G N IF IC A N T  DEPRESSION IN THE FEED CON­
VERSION RATE. THE ADDITION OF ONE PPM MOLYBDENUM PLUS 1 0  PPM TUNGSTEN 
GAVE A S IG N IF IC A N T  DEPRESSION;  IT  APPEARED AS IF THE ADDITION OF MOLYB­
DENUM TO THIS  LEVEL OF TUNGSTEN PARTIALLY OVERCAME T H IS  DEPRESSION. T H IS  
WAS FURTHER SUBSTANTIATED BY THE FACT THAT THE ADDITION OF 1 0  PPM OF 
BOTH MOLYBDENUM AND TUNGSTEN TO THE PRACTICAL RATION RESULTED IN NO
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TABLE XLVI
G a i n ,  F e e d  C o n v e r s i o n ,  a n d  A l k a l i n e  P h o s p h a t a s e  L e v e l s  o r  C o m m e r c i a l  
3 r o i l e r  C h i c k s  F e d  P r a c t i c a l - T y p e  B r o i l e r  R a t i o n  W i t h
M o l yb d en u m  a n d  T u n g s t e n  S u p p l e m e n t s
E l e m e n t
Ad d e d
( p p m )
G a i n
(Gr a m s )
Feed  
Co NVERSION
Al k a l i n e
P h o s p h a t a s e
V a l u e s *
0  Mo l y b d e n u m  
0  T u n g s t e n 2 9 7 1 . 7 5 1 0 5 . 5 0 2 3
0  Mo l y b d e n u m
1 T u n g s t e n 2 8 9 1 . 7 8 1 1 9 . 6 2 3 5
0  Mo l y b d e n u m  
1 0  T u n g s t e n 2 8 7 1 . 9 2 1 3 7 . 0 8 1 8
1 Mo l y b d e n u m  
0  T u n g s t e n 3 1 0 1 . 7 2 1 2 3 . 4 6 0 6
1 Mo l y b d e n u m  
1 T u n g s t e n 3 1 0 1 . 7 6 1 2 0 . 2 7 8 7
1 Mo l y b d e n u m  
1 0  T u n g s t e n 3 0 2 1 . 8 1 1 2 4 . 6 1 1 8
1 0  Mo l y b d e n u m  
0  T u n g s t e n 3 0 5 1 . 7 4 1 0 1 . 4 8 9 6
10  Mo l y b d e n u m  
1 T u n g s t e n 3 1 0 1 . 7 4 1 1 5 . 7 8 6 1
1 0  Mo l y b d e n u m  
1 0  T u n g s t e n 2 9 9 1 . 7 5 1 2 6 . 6 6 9 5
^A l k a l i n e  p h o s p h a t a s e VALUES ARE EXPRESSED IN M l L L 1 SRAMS p h o s p h o r u s
PER GRAM T ISSUE (WET w e i g h t ) .
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TABLE XLVIS
An a l y s i s  o f  V a r i a n c e  on  G a i n  of  V a n t r e s s - C r o s s  Ch i c k s  F e d  a Pr a c t i c a l  
Br o i l e r  R a t i o n  P l u s  Mo l y b d e n u m  a n d  T u n g s t e n  S u p p l e m e n t a t i o n s
D e g r e e s  of  Me a n  F
So u r c e  F r e e d o m  S q u a r e  V a l u e
T o t a l 3 5 7 - -
Be t w e e n  Ad d i t i v e s 8 1 5 1 0 3 . 3 5 * *
T u n g s t a t e 2 8 1 5 1 .8 1
Mo l y b d e n u m 2 2 3 7 6 5 . 2 8 *
0  v s  1 ppm Mo£ '1I 2 5 8 8 5 . 7 5 *
0  v s  1 0  ppm Mo 1 5 4 0 1 . 2 0
T u n g s t a t e  X Mo l y b d e n u m 4 3 7 3 6 8 . 3 0 * *
0  v s  1 ppm Mo +  1 PPM \%L rj{ 2 5 0 1 5 . 5 5 *
0  v s  1 PPM Mo I- 1 0  PPM '(I 1 1 0 6 5 2 . 3 5
0  v s  1 0  PPM Mo +  1 PPM W 1 O t  rt 5 . 6 4 *
0  VS 1 0  PPM ivlo + 1 0  PPM W 1 2 8 0 0 . 6 2
Error 3 4 9 4 5 0 «
*  S i g n i f i c a n t  a t  0 . 0 5  l e v e l  o f  p r o b a b i l i t y  
* *  S i g n i f i c a n t  a t  Q„G1 l e v e l  o f  p r o b a b i l i t y  
i t  Mo =  M o l y b d e n u m ;  W =  T u n g s t e n
DEPRESSION OF THE FEED CONVERSION DATA.
T he  k i d n e y  a l k a l i n e  p h o s p h a t a s e  v a l u e s  a re  s ho wn  i n  T a b l e  X L V I .
I t i s  o f  i n t e r e s t ,  h o w e v e r ,  to  n o t e  t h a t  t h e r e  was  an i n c r e a s e  i n  t h e
ALKALINE PHOSPHATASE LEVEL EACH TIME THE LEVEL OF SUPPLEMENTAL TUNGSTEN 
WAS INCREASED, AND THAT THE HIGHEST ENZYME VALUE WAS OBSERVED AT THE 
LEVEL WITH NO ADDED MOLYBDENUM IN THE RATION.
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TABLE XLV I i I
A n a l y s i s  o f  V a r i a n c e  o n  F e e d  C o n v e r s i o n  D a t a  O b t a i n e d  F r o m  V a n t r e s s - W P R
C h i c k s  F e d  P r a c t i c a l  B r o i l e r  R a t i o n  W i t h  T u n g s t e n
a n d  Mo l y b d e n u m  S u p p l e m e n t a t i o n s
S o u r c e
De g r e e s  o f  
F r e e d o m
Me a n
S q u a r e
F
V a l u e
T o t a l 35 - -
Be t w e e n  Ad d i t i v e s 8 1 4 2 . 5 8 . 2 8 * * *
T u n g s t a t e 2 4 0 1 . 7 2 3 . 6 3 * *
0 vs  1 PPM ViK 1 1 8 . 0 0 . 0 4
0  VS 1 0  PPM W 1 5 7 8 . 0 3 3 . 6 0 * *
Mo l y b d e n u m 2 2 2 . 8 1 . 3 2
T u n g s t a t e  X M olyb d en u m 4 4 6 . 9 2 . 7 2
Er r o r 2 7 1 7 . 2 -
^ S i g n i f i c a n t  a t  0 . 0 1  l e v e l  o f  
#  W=Tu n g s t e n
P R O B A B IL I T Y
S u m m a r y
R e s u l t s  f r o m  t h i s  s t u d y  s h o w e d  t h a t  t h e  a d d i t i o n  o f  o n l y  t u n g s t e n  
t o  b r o i l e r  r a t i o n s ,  e i t h e r  p u r i f i e d  o r  p r a c t i c a l ,  h a d  n o  b e n e f i c i a l  
e f f e c t .  Wh e n  t h e  r a t i o  o f  m o l y b d e n u m  t o  t u n g s t e n  w a s  1 0 : 1  ( w t / w t )  
i n  b o t h  r a t i o n s ,  t h e r e  w a s  a s i g n i f i c a n t  i n c r e a s e  i n  g r o w t h  c o m p a r e d  
t o  t h e  b a s a l  r a t i o n s .  T h i s  g i v e s  s u p p o r t  t o  t h e  p o s t u l a t e  t h a t  
t u n g s t a t e  a n d  m o l y b d e n u m ,  i n  p r o p e r  r a t i o s ,  a c t  i n  s o m e  s y n e r g i s t i c
MANNER TO STIMULATE GROWTH. THERE WAS AN INCREASE IN THE RATE OF
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GROWTH WHEN THE MOLY3DENUM.TUNGSTEN R A T I O  WAS 1 : 1  WHEN FED TO THE 
COMMERCIAL BR O IL ER  CHICKS FED THE P R A C T I C A L  BR O IL ER  R A T I O N ,  AND TO THE 
C H I C K S ,  FROM NON-TUNGSTATE SUPPLEMENTED DAMS, WHEN FED THE P U R I F I E D  
R A T I O N .  THE A D D I T I O N  OF 1 0  PPM TUNGSTEN DEPRESSED THE RATE OF GROWTH 
IN C H I C K S ,  REGARDLESS OF THE DAM TREATMENT, WHEN FED THE P U R I F I E D  
R A T I O N .  I T  WAS IN T ER E ST I N G  TO NOTE THAT THE A D D I T I O N  OF 1 PPM MOLYB­
DENUM CAUSED AN INCREASE IN  THE RATE OF G A I N  WHEN FED TO THE COMMERCIAL 
BRO ILE R  CHICKS ON THE P R A C T I C A L  BROILER R A T I O N .  T H I S  WAS THE F I R S T  
T IM E  IN  T H I S  E N T IR E  STUDY THAT THE A D D I T I O N  OF MOLYBDENUM, AT ANY L E V E L ,  
CAUSED AN INCREASE IN  G A I N ,  EXCEPT WHEN FED TO CHICKS FROM TUNGSTATE 
SUPPLEMENTED DAMS.
Ur i c  A C I D  SY N THE iS IS ,  AS D ETE R M IN ED ,  APPEARED TO HAVE NO CORRELA­
T IO N  WITH THE LEVE LS  OF MI N E R ALS  IN THE R A T I O N S ,  THE RATES OF G A I N ,
OR THE FEED CONVERSION D AT A .  I t  WAS THOUGHT THAT THE HIGHER LE VE LS  OF 
TUNGSTEN SUP PLEMENTATION OF THE RA TIO N  WOULD CAUSE A DECREASE IN THE 
S Y N T H E S IS  AS I T  HAS BEEN REPORTED THAT TUNGSTEN,  BEING A MOLY3 D ATE 
A N TAG O N IS T ,  HAS AN I N H I B I T I N G  EFFECT ON THE FORMATION OF U RI C  A C I D .
A l k a l i n e  p h o s p h a t a s e  a c t i v i t y  l e v e l s  i n c r e a s e d  w i t h  i n c r e a s i n g
LEVE LS  OF TUNGSTEN, WITH THE A D D I T I O N  OF 1 0  PPM CAUSING AN INCREASED 
A C T I V I T Y  OF 3 0  PER CENT COMPARED WITH THAT O B T A IN E D  FROM THE P R A C T I C A L  
BROILER BASAL R A T I O N .  A L K A L I N E  PHOSPHATASE A C T I V I T I E S  WERE NOT 
DETERMINED WHEN CHICKS WERE FED THE P U R I F I E D  R A T IO N  WITH ADDED 
TUNGSTEN AND MOLYBDENUM.
1 1 0
Co p p e r  S u p p l e m e n t a t i o n  o f  Ch i c k  P i e t s  
I t  w a s  f o u n d  i n  t h e  p r e v i o u s  s t u d y  t h a t  t h e  a d d i t i o n  o f  o n e
PART PER M I L L I O N  ( p p m )  OF TUNGSTATE ( AS SODIUM TUNGSTATE) WITH THE 
AD D IT IO N  OF 1 0  PPM OF MOLYBDENUM ( AS SODIUM MOLYBDATE) GAVE THE BEST 
RESULTS IN THE CASE OF GAIN  AND FEED CONVERSION DATA WITH BOTH RATIONS 
THAT WERE USED IRRESPECTIVE OF THE DAM TREATMENT ON THE CH IC KS.  I T  
WAS DECIDED TO USE THESE SUPPLEMENTAL LEVELS OF TUNGSTATE AND MOLYB­
DENUM IN THE BASAL RATION TO TEST THE EFFECT OF VARIOUS LEVELS OF 
COPPER IN T H IS  D I E T .  A SIMPLE T IT R A T IO N  TYPE EXPERIMENTAL PLAN WAS 
USED IN WHICH LEVELS OF 0 ,  1 0 ,  2 0 ,  3 0 ,  AND 4-0 PPM OF COPPER WERE 
ADDED TO THE BASAL RAT IO N S .  A D D IT IO N A L  LEVELS OF 6 0  AND 8 0  PPM COPPER 
WERE TESTED IN THE CASE OF THE PRACTICAL BROILER RATION.  As REPORTED 
EA RLIE R THE COPPER LEVEL OF THE PRA CTICAL BROILER RATION WAS SOME 
1 5  PPM LOWER THAN THAT FOUND IN THE P U R I F I E D  R A T IO N .  THE RATE OF GAIN 
AND FEED CONVERSION WERE USED AS THE MAUOR C R I T E R I A ,  ALTHOUGH 
AL KA L IN E  PHOSPHATASE LEVELS WERE DETERMINED IN AN EFFORT TO SEE IF  
ANY DIFFERENCES IN PERFORMANCE OF THE CHICKS MIGHT ALTER THE LEVELS OF 
T H IS  ENZYME, WHICH WAS DETERMINED IN KIDNEY T ISS UE HOMOGENATES.
A t  THE END OF THE 2 0 - D A Y  T R I A L S ,  BIRDS FROM EACH GROUP WERE K I L L E D  
AND ALKALINE PHOSPHATASE DETERMINATIONS WERE MADE ON THE TISSUE 
HOMOGENATES IN THE MANNER DESCRIBED IN APPENDIX I I I .
T h e  METHOD OF GROWING THE CHICKS WAS THE SAME AS DESCRIBED UN 
PREVIOUS SECTION S.  CHICKS FROM TUNGSTATE SUPPLEMENTED DAMS AND NON- 
SUPPLEMENTED DAMS WERE USED IN T H IS  STUDY AS WELL AS VANTRESS-WHITE 
P l y m o u t h  R o c k  c h i c k s  p u r c h a s e d  f r o m  a c o m m e r c i a l  h a t c h e r y .  C o p p e r  
WAS ADDED AS CUPRIC ACETATE [ > ( C 2 H302 )2 .H 2r i ] .
1 1 1
I » P u r i r i e d  R a t i o n  S t u d i e s  I n v o l v i mg C h i c k s  F r o m  T u n g s t a t e  F e d  
D a m s
T h i s  s t u d y  c o n s i s t e d  o f  2 0  l o t s  o f  10 c h i c k s  e a c h .  E a c h  t r e a t m e n t
WAS TESTED IN FOUR GROUPS. THE RATE OF G A I N ,  FEED CONVERSION DATA 
AND ALKA LINE PHOSPHATASE LEVELS FOUND IN KIDNEY TISSUE HOMOGENATES 
FROM T H IS  STUDY ARE SHOWN IN TA8LE XL IX .  An ANALYSIS OF VARIANCE 
WAS MADE ON THE 2 0 - D A Y  GAIN DATA OF THESE CHICKS.  T H I S  ANALYSIS OF 
VARIANCE IS SHOWN IN TABLE L .  I t  WAS FOUND THAT HIGHLY S I G N I F I C A N T  
DIFFERENCES OCCURRED IN THE RATES OF G A I N .  THE COMPONENTS WERE 
BROKEN OUT AND IT  WAS FOUND THAT THE ADD IT ION OF 1 0  PPM COPPER GAVE NO
TABLE XL IX
R a t e  o f  G a i n ,  F e e d  C o n v e r s i o n  D a t a  a n d  A l k a l i n e  P h o s p h a t a s e  L e v e l s  o f  
C h i c k s ,  F r o m  T u n g s t a t e  F e d  D a m s ,  o n  a  P u r i f i e d  D i e t
W i t h  C o p p e r  S u p p l e m e n t a t i o n
Ad d e d  Co p p e r  G a i k * F e e d  Al k a l i n e
( p p m )  ( G r a m s ) C o n v e r s i o n  P h o s p h a t a s e  L e v e l s *
0 242  1 .5 2  4 4 . 1 8 9 2
10  253  1 . 4 8  4 7 . 8 6 5 5
2 0  2 5 8  1 . 4 4  5 5 . 0 9 6 4
3 0  264  1 . 4 3  59.0261
4 0  2 3 5  1 . 4 5  7 9 . 7 1 2 5
^ A l k a l i n e  p h o s p h a t a s e  e x p r e s s e d  a s  m i l l i g r a m s  p h o s p h o r u s  p e r  g r a m
K I D N E Y  T I S S U E  ( WE T  W E I G H T ) .
1 1 2
TABLE L
An a l y s i s  o f  V a r i a n c e  o n  R a t e  o f  G a i n  o f  Ch i c k s ,  F r om  T u n g s t a t e  
S u p p l e m e n t e d  D a m s ,  F e d  P u r i f i e d  D i e t  P l u s  S u p p l e m e n t a l  L e v e l s  o f  Co p p e r
S o u r c e
De g r e e s  o f  
F r e e d o m
Me a n
S q u a r e
F
V a l u e
T o t a l 1 9 9 - -
B e t w e e n Co p p e r  L e v e l s 4 3 4 0 3 7 . 5 8 * *
B a s a l v s  1 0  ppm C o p p e r 1 1 4 0 3 3 . 1 2
B a s a l v s  2 0  ppm C o p p e r 1 2 5 0 7 5 . 5 8 *
B a s a l v s  3 0  p p m  Co p p e r 1 5 2 4 4 1 1 . 6 7 * *
B a s a l v s  4 0  p p m  Co p p e r 1 931 2 . 0 7
E r r o r 1 9 4 4 4 9 -
^ S i g n i f i c a n t  a t  0 . 0 5  l e v e l OF P R O B A B IL I T Y
* * S l G N I F I  CANT AT 0 . 0 1  LEVEL OF P R O B A B IL I T Y
s i g n i f i c a n t  i n c r e a s e  i n  t h e  r a t e  o f  g r o w t h .  H i g h e r  c o p p e r  a d d i t i o n s
OF 2 0  AND 3 0  PPM CAUSED HIGHLY S I G N I F I C A N T  GROWTH S T I M U L A T I O N ,  WITH THE 
3 0  PPM LEVEL APPEARING TO G IV E  MORE ST IM U LATIO N  THAN THE 2 0  PPM 
SUPPLEMENTAL LEVEL OF COPPER. THE SUPPLEMENTAL ADDIT ION OF 4 0  PPM 
DEPRESSED GROWTH, ALTHOUGH TH IS  DEPRESSION WAS NOT FOUND TO BE 
S T A T I S T I C A L L Y  S I G N I F I C A N T  WHEN COMPARED TO THE BASAL R A T IO N .
An ANALYSIS OF VARIANCE MADE ON THE FEED CONVERSION DATA IS  
PRESENTED IN TABLE L I .  S I G N I F I C A N T  DIFFERENCES WERE FOUND BETWEEN THE 
SUPPLEMENTAL LEVELS OF COPPER. I t  WAS FOUND THAT THE AD D IT IO N  OF 1 0  
PPM SUPPLEMENTAL COPPER HAD NO EFFECT;  HOWEVER, SUPPLEMENTATIONS OF 2 0  
AND 3 0  PPM COPPER RESULTED IN A S I G N I F I C A N T  IMPROVEMENT IN THE FEED
TABLE L!
A n a l y s i s  o r  V a r i a n c e  o n  F e e d  Co n v e r s i o n s  o r  C h i c k s , F r o m  T u n g s t a t e  
S u p p l e m e n t e d  D a m s ,  F e d  P u r i f i e d  D i e t  P l u s  S u p p l e m e n t a l  L e v e l s  o r  Co p p e r
D e g r e e s  o f  Me a n  F
S o u r c e  F r e e d o m  S q u a r e  V a l u e
T o t a l  1 9  -
Be t w e e n  T r e a t m e n t s  4  5 3 . 7 5  5 . 3 0 Kit
B a s a l  v s  10  p p m  Co p p e r  1 4 1 . 9 0  4.-42  .
B a s a l  v s  2 0  p p m  Co p p e r  1 1 4 5 . 0 0  1 5 . 5 3 5;":'r
B a s a l  v s  3 0  p p m  Co p p e r  1 1 6 2 , 0 0  1 7 . 4 7 * *
B a s a l  v s  40  p p m  Co p p e r  1 9 1 . 0 0  9 . 3 2 * #
Er r o r  15 9 . 2 7
Hi S i g n i f i c a n t  a t  0 . 0 1  l e v e l  o r  p r o b a b i l i t y
c o n v e r s i o n .  The  b a s a l  r a t i o n  was t h e n  c o m p a r e d  w i t h  t h e  r a t i o n  c o n ­
t a i n i n g  4 0  PPM SUPPLEMENTAL COPPER AMD THERE WAS FOUND TO BE A REAL 
DIFFERENCE E X IS T IN G  BETWEEN THESE TWO RATIONS.
31*:£. ALK AL i NL P HO SrHATA3t I  A C T I V I T I E S  A P P t  *
IMG LEVELS OF COPPER. THE INCREASED A C T IV IT Y  WAS VERY SLIGHT WITH. THE 
ADDITION OF 1 0  PPM COPPER. THE ADDITION OF 2 0  PPM COPPER RESULTED IN 
A 2 5  PER CENT INCREASE IN A C T IV IT Y  WHILE THE ADDITION OF 3 0  PPM 
CAUSED AN APPARENT 33 PER CENT INCREASE IN ENZYME A C T I V I T Y .  IT SHOULD 
BE NOTED THAT TH IS  ADDITION ( 3 0  PPM COPPER) RESULTED IN THE BEST 
GROWTH AND FEED CONVERSION OF THE STUDY. WHEN THE PUR I " I  ZD RATION 
WAS SUPPLEMENTED WITH 4 0  PPM COPPER, WHICH WAS SL IGHTLY DEPRESSED THE RATE 
OF GAIN WHEN COMPARED TO THE BASAL RATION,  THERE WAS AM INCREASE IN THE 
ENZYME A C T IV IT Y  OF ALMOST 80  PER CENT.
1 1 4
1 1 .  P u r i f i e d  D i e t  S t u d i e s  I V i t h  Ch i c k s  F r o m No n - S u p p l e m e n t e d  D ams  
T h e  s a m e  p r o c e d u r e  w a s  u s e d  i n  t h i s  p a r t  o f  t h e  s t u d y  as  w a s
DESCRIBED IN SECTION I ,  THE ONLY DIFFERENCE BEING THE DAM TREATMENT.
T h i s  p o r t i o n  o f  t h e  s t u d y  wa s  m a d e  w i t h  c h i c k s  f r o m  n o n - s u p p l e m e n t e d  
Wh i l e  P l y m o u t h  Po c k  h e n s .
T h e  r a t e  o f  g a i n ,  f e e d  c o n v e r s i o n s ,  a n d  a l k a l i n e  p h o s p h a t a s e  
a c t i v i t i e s  o f  k i d n e y  t i s s u e  h o m o g e n a t e s  a r e  p r e s e n t e d  i n  T a b l e  H I .
An a n a l y s i s  o f . v a r i a n c e  was  made o n  t h e  r a t e  o f  g a i n  o f  t h e s e  2 0 - d a y  
t r i a l s  ( T a b l e  L I 11) .
T h e  a n a l y s i s  o f  v a r i a n c e  s h o w e d  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n
THE RATES OF GAIN FOR THESE C H IC K S ,  FROM NON-SUPPLEMENTED DAMS,
TABLE L I  I
R a t e  o f  G a i n ,  F e e d  Co n v e r s i o n s ,  a n d  Al k a l i n e  P h o s p h a t a s e  Ac t i v i t i e s  
o f  Ch i c k s ,  F ro m  No n - S u p p l e m e n t e d  D a m s ,  F e d  P u r i f i e d  D i e t  
P l u s  Co p p e r  S u p p l e m e n t a t i o n s
Ad d e d  Co p p e r  
( p p m )
G a i n
(Gr a m s )
F e e d
Co n v e r s i o n
Al k a l i n e  
P h o s p h a t a s e  L e v e l s *
0 2 4 5 1 . 3 9 5 0 . 4 9 2 2
10 2 5 8 1 . 3 5 5 0 . 5 3 8 9
2 0 2 6 4 1 . 3 9 4 6 . 8 9 8 4
3 0 2 6 8 1 . 3 8 5 4 . 6 2 0 9
4 0 2 4 7 1 . 3 8 6 2 . 6 2 9 3
^ A l k a l i n e  p h o s p h a t a s e  a c t i v i t y  e x p r e s s e d  a s  m i l l i g r a m s  p h o s p h o r u s
PER GRAM KIDNEY TISSUE (WET W E IG H T ) .
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TABLE L I i I
An a l y s i s  o f  V a r i a n c e  o n  Ga i n  o f  C h i c k s ,  F rom No n - S u p p l e m e m t e d
Da m s ,  F e d  A P u r i f i e d  D i e t  Wi t h  S u p p l e m e n t a l  L e v e l s  o f  Co p p e r
So u r c e
De g r e e s  o f  
F r e e d o m
Me an 
S q u a r e
F
V ALUE
T o t a l 197 - -
Be t w e e n  Co p p e r  T r e a t m e n t s 4 1616 2 . 4 1 *
B a s a l  v s  10  ppm C o p p e r 1 1918 2 . 8 5
Ba s a l  v s  2 0  p p m  Co p p e r 1 3 7 8 3 5 . 6 3 *
3 a s a l  v s  3 0  p p m  Co p p e r 1 5 31 3 7 . 9 1 * *
B a s a l  v s  40  ppm C o p p e r 1 4 0 0 .0 6
Err or 193 672 -
*  S i g n i f i c a n t  a t  0 . 0 5  l e v e l  
* *  S i g n i f i c a n t  a t  0 .01  l e v e l
OF PR O B AB IL ITY  
OF P R O B AB IL ITY
FED THE P U R I F I E D  RATION PLUS VARYING LEVELS OF COPPER. By S T A T I S T IC A L  
COMPARISONS IT WAS FOUND THE SAME EFFECT WAS OBSERVED AS IN THE CASE 
OF THE CHICKS FROM THE TUNGSTATE SUPPLEMENTED DAMS; THAT I S ,  THE 
ADDITION OF 1 0  PPM COPPER RESULTED IN AN APPARENT INCREASE IN THE RATE
OF GROWTH, WHILE SUPPLEMENTAL COPPER ADDITIONS OF 2 0  PPM GAVE A
S I G N I F I C A N T  INCREASE AND 3 0  PPM RESULTED IN A HIGHLY S I G N IF IC A N T  
INCREASE IN THE RATE OF G A IN .  THE ADDIT ION OF 4-0 PPM COPPER TO THE 
P U R I F I E D  CHICK D IE T  RESULTED IN NO GREATER GAINS THAN WERE OUT AI NED ON 
THE UNSUPPLEMENTED BASAL RATION.
A S T A T I S T IC A L  ANALYSIS OF VARIANCE ON THE FEED CONVERSIONS
OBTAINED IN THIS  PORTION OF THE STUDY IS PRESENTED IN TABLE Li V .  T h |S
1 1 6
TABLE LIV
An a l y s i s  o f  V a r i a n c e  on  F e e d  Co n v e r s i o n s  o f  Ch i c k s ,  F ro m  !\!o n - S i m p l e m e n t e d  
D a m s ,  F ed  A P u r i f i e d  D i e t  Wi t h  V a r i o u s  L e v e l s  o f  Co p p e r  Su p p l e m e n t a t i o n s
De g r e e s  o f  Me a n  F
S o u r c e  F re e d o m  S q u a r e  V a l u e
T o t a l  19
B e t w e e n  C o p p e r  T r e a t m e n t s  4  9 5 .0  1 . 7 7
E r r o r  15  5 3 .6  -
ANALYSIS REVEALED THAT NO REAL DIFFERENCES EXISTED AMONG THE VARIOUS 
FEED CONVERSIONS. IT  WAS OF INTEREST TO COMPARE THE RESPONSES OF THE 
CHICKS FROM THE TWO DAM TREATMENTS. S T A T I S T IC A L  ANALYSES OF THE GAIN 
AND FEED CONVERSION DATA OBTAINED IN SECTION I AND I I  REVEALED NO 
REAL DIFFERENCES BETWEEN THE PERFORMANCE OF THE TWO GROUPS. TH IS  
WAS OF CONSIDERABLE INTEREST, BECAUSE IN THE STUDIES INVOLVING 
MOLYBDENUM, THE TUNGSTATE SUPPLEMENTED RATION CONSUMED BY THE DAMS 
HAD SEEMINGLY EXHIB ITED A DEPRESSING EFFECT IN THE CHICKS WITH REGARDS 
TO BOTH GROWTH AND FEED CONVERSION. APPARENTLY THE ADDITION OF COPPER 
TO THE RATION HAD SUCCEEDED IN OVERCOMING THIS TUNGSTATE DEPRESSING 
EFFECT. ONE POSSIBLE EXPLANATION OF TH IS  OBSERVATION IS THAT THE 
TUNGSTATE SUPPLEMENTATION WAS PR ECIP IT AT IN G A COPPER DEFICIENCY WHICH 
WAS ALLEVIATED BY SUPPLEMENTAL ADDITIONS OF COPPER. IF  THIS EXPLANA­
TION WERE TRUE, ONE WOULD LOGICALLY CONCLUDE THAT TUNGSTEN AND COPPER 
ARE INTERRELATED IN SOME MANNER IN THEIR METABOLIC FUNCTIONS.
T h e  a l k a l i n e  p h o s p h a t a s e  a c t i v i t i e s  were  n o t  i n  c o m p l e t e  a g r e e m e n t
WITH THE VALUES OBTAINED WITH THE CHICKS FROM THE TUNGSTATE
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SUPPLEMENTED DAMS. I n  T H IS  PORTION OF THE STUDY THE A D D IT I  ON OF COPPER 
TO THE RATION APPEARED TO HAVE L I T T L E  EFFECT ON THE ENZYME LEVE LS .  At 
SUPPLEMENTAL LEVELS OF 1 0 ,  2 0 ,  AND 3 0  PPM COPPER THE ALKALINE PHOS­
PHATASE VALUES REMAINED R EL AT IV ELY  CONSTANT AND THE AD DIT ION OF 4.0 PPM 
COPPER CAUSED AN INCREASE OF ONLY ABOUT 1 2  PER CENT. IN CONTRAST, THE 
AD DIT IO N OF 4-0 PPM COPPER RESULTED IN AN INCREASE OF ALMOST 8 0  PER 
CENT ENZYMATIC A C T I V I T Y  IN THE CASE OF THE CHICKS FROM THE TUNGSTATE 
SUPPLEMENTED DAMS.
AN INTERESTING POSTULATE IS PROPOSED THAT ALKA LINE PHOSPHATASE IS  
ASSOCIATED WITH KIDNEY METABOLISM OF TUNGSTEN AND COPPER. T H IS  MAY BE 
DEBATABLE HOWEVER, SINCE S U F F IC IE N T  EVIDENCE WAS NOT OBTAINED TO 
SUBSTANTIATE I T .  T h e  DRAMATIC INCREASE IN ALKA LINE PHOSPHATASE VALUES 
ENCOUNTERED WITH THE HIGHEST LEVELS OF COPF>ER ADDITIONS MIGHT BE 
EXPLAINED ON THE B A S IS  OF A STRESS CONDITION BROUGHT ABOUT BY THE 
T O X I C I T Y  OF THE ELEMENT. T H I S  WOULD APPEAR TO STRENGTHEN THE PO SIT IO N  
THAT TUNGSTEN AND COPPER ARE RELATED AND THAT ALKA LINE PHOSPHATASE IS  
RELATED D IR ECTLY OR INDIRECTLY TO THE METABOLIC A C T I V I T I E S  WHICH 
INVOLVE COPPER AND TUNGSTEN. T H I S  APPEARS TO BE LOGICAL SINCE THE 
HIGHEST ALKA LINE PHOSPHATASE VALUES WERE OBTAINED WITH CHICKS HAVING 
THE KIDNEYS WITH THE HIGHEST TUNGSTEN CONTENT.
I I I . P r a c t i c a l  Br o i l e r  R a t i o n  S t u d i e s  IV i t h  V a n t r e s s -W h i t e  P l y m o u t h  
Ro c k  Ch i c k s
V a n t r e s s -Wh i t e  P l y m o u t h  Ro c k  c h i c k s ,  p u r c a h s e d  f r o m  a c o m m e r c i a l
HATCHERY, WERE USED IN T H IS  PORTION OF THE STUDY. THESE CHICKS WERE 
FED THE PRACTICAL  BROILER RATION PLUS COPPER SUPPLEMENTS AT LEVELS OF
1 0 ,  2 0 ,  3 0 ,  4 0 ,  60,  a n d  8 0  p pm .  T he  m e t h o d s  o f  b r o o d i n g  a n d  m a i n t a i n ­
i n g  THE CHICKS WAS THE SAME AS DESCRIBED IN PREVIOUS T R I A L S .  FOURTEEN
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TABLE LV
G a i n ,  F e e d  Co n v e r s i o n s ,  a n d  Al k a l i n e  P h o s p h a t a s e  Ac t i v i t i e s  o f  Ch i c k s ,
F e d  A Pr a c t i c a l  Br o i l e r  R a t i o n  Wi t h  Co p p e r  Ad d i t i o n s
Ad d e d  Co p p e r Ga i n
F e e d
Co n v e r s i o n
Al k a l i n e  
P h o s p h a t a s e  L e v e l s -
( p p m ) (Gr a m s )
0 2 9 0 1 . 7 8 8 7 . 0 0 0 0
10 2 9 9 1 . 7 1 8 9 . 4 7 7 7
2 0 3 0 2 1 . 7 3 8 9 . 9 8 6 4
3 0 3 0 8 1 . 7 6 9 3 . 1 1 7 6
4 0 3 17 1 . 7 7 9 9 . 4 8 2 0
60 2 9 9 1 . 7 8 9 3 . 2 4 0 0
80 2 9 9 1 . 7 8 9 3 . 2 4 0 0
*  Al k a l i n e  p h o s p h a t a s e  a c t i v i t i e s  are EXPRESSED AS M I I.L IGR AMS
PHOSPHORUS PER 'GRAM KIDNEY TISSUE ( we t  w e i g h t )
GROUPS OF 10  CHICKS EACH WERE USED IN THIS STUDY.
T h e  r a t e  of g a I N ,  FEED CONVERSION AND ALKALINE PHOSPHATASE
A C T I V I T I E S  ARE PRESENTED IN TABLE LV.
The  r a t e  o f  g a i n  o f  t h e  c h i c k s  was s u b j e c t e d  t o  a s t a t i s t i c a l  
a n a l y s i s  o f  v a r i a n c e ,  w h i c h  i s  p r e s e n t e d  i n  T a b l e  LVI .  S i g n i f i c a n t  
d i f f e r e n c e s  b e t w e e n  t h e  r a t e s  o f  g a i n  w e r e  f o u n d .  The  b a s a l  r a t i o n  
c o n t a i n i n g  s u p p l e m e n t a l  LEVELS OF 10  PPM m o ly b d e n u m  and one  ppm 
TUNGSTEN WAS COMPARED TO THE SAME RATION WITH THE VARIOUS LEVELS OF 
COPPER SUPPLEMENTATIONS. I t  WAS FOUND THAT THE ADDITION OF 1 0  PPM
c o p p e r  g a v e  a  s l i g h t  s t i m u l a t i o n  i n  g r o w t h .  T h i s  was m a g n i f i e d
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TABLE LV S
An a l y s i s  o f  V a r i a n c e  o n  R a t e  o f  Ga i n  o f  V a ntf^e s s -WPR Ch i c k s  F e d  A 
P r a c t i c a l  Br o i l e r  R a t i o n  w i t h  Co p p e r  S u p p l e m e n t a t i o n  L e v e l s
S o u r c e
De g r e e s  o f  
F r e e d o m
Me a n
S q u a r e
F
V a l u e
T o t a l 1 3 9
Be t w e e n  Co p p e r  T r e a t m e n t s 6 1 6 6 9 3 . 4 3 * *
Ba s a l  v s  1 0  p p m  Co p p e r 1 731 1 . 5 0
Ba s a l  v s  2 0  p p m  Co p p e r 1 1 2 2 2 2 . 5 0
B a s a l  v s  3 0  p p m  c o p p e r 1 2 7 3 9 5 . 6 3 *
B a s a l  v s  40  ppm C o p p e r 1 6 0 0 3 1 2 . 3 2 * *
Ba s a l  v s  6 0  p p m  Co p p e r 1 8 3 7 1 . 7 2
B a s a l  v s  8 0  p p m  Co p p e r \ 4 4 0 0 . 9 0
E r r o r 1 33 4 8 7
*  S i g n i f i c a n t  a t  0 . 0 5  l e v e l  of  p r o b a b i l i t y  
**■ S i g n i f i c a n t  a t  0 . 0 1  l e v e l  o f  p r o b a b i l i t y
SOMEWHAT UPON THE AD D IT IO N  OF 2 0  PPM COPPER SO THAT THE INCREASE IN GAIN 
APPROACHED S I G N I F I C A N C E .  THE SUPPLEMENTATION OF 3 0  PPM COPPER RESULTED 
IN A S I G N I F I C A N T  ST IM U LA T IO N  IN THE RATE OF G A I N ,  WHILE THE AD D IT IO N  
OF 4 0  PPM COPPER TO T H I S  RATION RESULTED IN A HIGHLY S I G N I F I C A N T  
INCREASE IN THE RATE OF G A I N .  HIGHER SUPPLEMENTATIONS OF COPPER ( 6 0  AND 
8 0  PPM) D I D  NOT PROMOTE ANY GREATER RATE OF GAIN THAN WAS OBTAINED FROM 
THE BASAL R A T IO N .
A t t e n t i o n  i s  c a l l e d  t o  t h e  f a c t  t h a t  t h e  b e s t  r a t e  o f  g a i n  i n  t h i s
T R I A L  WAS ATTAINED WHEN 4 0  PPM COPPER WAS ADDED TO THE PR ACTICAL  
BROILER RATION WHILE THE AD D IT IO N  OF 3 0  PPM GAVE BEST RESULTS IN THE
1 2 0
CASE OF THE P U R IF IE D  RATION.  HOWEVER, AS REPORTED E A R L IE R ,  CHEMICAL 
ANALYSIS OF THE P U R I F I E D  D IE T  SHOWED THAT THIS D I E T  CONTAINED 2 5 . 3 5  
PPM COPPER, WHILE THE PRACTICAL BROILER RATION CONTAINED 1 0 . 8 0  PPM.
T he  TOTAL INTAKE OF COPPER WAS NOT A3 DIFFERENT THEN AS IT  MIGHT 
APPEAR, THE VALUES BEING 5 5 . 8 5  PPM FOR THE P U R I F I E D  D IE T  AND 5 0 . 8 0  
PPM IN THE CASE OF THE PRACTICAL BROILER RATION.
AN ANALYSIS OF VARIANCE WAS MADE ON THE FEED CONVERSION DATA 
OBTAINED IN THIS PORTION OF THE STUDY. THE ANALYSIS IS PRESENTED IN
T a b l e  L V i!. No s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  w e r e  f o u n d  t o
EX IS T  IN THESE DATA.
THE ALKALINE PHOSPHATASE LEVELS REMAINED MUCH MORE CONSTANT WITH 
THE VANTRESS-WPR CHICKS ON THE PRACTICAL BROILER RATION THAN IN THE 
CASE OF THE CHICKS FROM THE TUNGSTATE SUPPLEMENTED HENS FED THE 
P U R I F I E D  RATION.  THE ENZYME VALUES FROM THE CHICKS IN THIS  PORTION OF 
THE STUDY MORE CLOSELY APPROACHED THE RELATIVE CHANGES THAT WERE FOUND 
IN THE CASE OF THE CHIC KS,  FROM THE NON-SUPPLEMENTED HENS, FED THE 
P U R I F I E D  D I E T .  At THE 1 0  AND 2 0  PPM LEVELS OF COPPER SUPPLEMENT AT I ON 
THE ENZYME A C T IV IT Y  WAS ABOUT THE SAME AS THAT FOUND TO EXIST  IN 
CHICKS FED THE BASAL RAT ION.  THE ADDITION OF 3 0  PPM COPPER TO THE 
BASAL RATION CAUSED AN INCREASE OF SEVEN PER CENT IN THE ALKALINE  
PHOSPHATASE A C T I V I T Y ,  WHICH INCREASE WAS APPROXIMATELY DOUBLED UPON 
THE ADDITION OF 4-0 PPM COPPER. I t W A3 INTERESTING TO MOTE THAT THE 
ADDITION OF 6 0  PPM COPPER TO THE BASAL RATION HAD THE SAME EFFECT ON 
THE ENZYME A C T IV IT Y  AS D ID  THE 3 0  PPM ADDITIONAL COPPER, ALTHOUGH 
SAMPLING ERROR MIGHT BE RESPONSIBLE FOR THIS OBSERVATION.  An INCREASE 
OF APPROXIMATELY 1 6  PER CENT WAS FOUND WHEN THE BASAL RATION WAS 
SUPPLEMENTED WITH 8 0  PPM COPPER.
1 2 1
TABLE LVI I
An a l y s i s  o f  V a r i a n c e  on  F e e d  Co n v e r s i o n  D a t a  Ob t a i n e d  F r om
V a n t r e s s -WPR Ch i c k s  F e d  Pr a c t i c a l  Br o i l e r  R a t i o n
P l u s  V a r i o u s  L e v e l s  o f  Co p p e r  S u p p l e m e n t a t i o n
S o u r c e
De g r e e s  of  
F r e e d o m
Me a n
S q u a r e
F
V a l u e
T o t a l 13
Be t w e e n  Co p p e r  L e v e l s 6 9 1 . 6 6  1 . 3 1
E r r o r 7 60.00
I t  j s  o f  i n t e r e s t  to  n o t e  t h e  f a c t  t h a t  t h e  v a l u e s  o b t a i n e d  f r o m
THE CHICKS FED THE PRACTIC AL  RATION APPEAR TO BE HIGHER THAN THE 
A LKALINE PHOSPHATASE VALUES OBTAINED FROM THE CHICKS FED THE P U R I F I E D  
D I E T .  T h i s  a p p e a r s  TO FURTHER SUBSTANTIATE THE POSTULATE THAT 
ALKA LINE PHOSPHATASE APPEARS TO BE DIR EC TLY  OR IN DIREC TLY RELATED TO 
COPPER AND TUNGSTEN METABOLISM.
I t  WAS FOUND THAT ALMOST ID EN T IC AL  GROWTH ST IM U LA TIO N  RESULTED 
FROM THE SUPPLEMENTATION OF COPPER TO THE P U R I F I E D  D IE T  REGARDLESS OF 
THE DAM TREATMENT. THE AD D IT IO N  OF 1 0  PPM COPPER CAUSED A S I G N I F I C A N T  
INCREASE IN THE RATE OF G A I N ,  WHILE SUPPLEMENTATIONS OF 2 0  AND 3 0  PPM 
COPPER RESULTED IN HIGHLY S I G N I F I C A N T  G A I N S ,  WITH THE HIGHER LEVEL OF 
COPPER SUPPORTING THE BETTER G A I N S ,  OVER THAT OBTAINED WITH THE BASAL
r a t i o n .  Re s u l t s  w i t h  t h e  c o m m e r c i a l  b r o i l e r  c h i c k s  f e d  t h e  p r a c t i c a l
BROILER RATION WERE S I M I L A R  BUT HIGHER LEVELS OF COPPER WERE NEEDED 
TO GIV E  GA INS THAT D IF FERED S I G N I F I C A N T L Y  FROM THAT OBTAINED ON THE 
BASAL R A T IO N .  THE A D D IT IO N  OF 4-0 PPM COPPER RESULTED IN S I G N I F I C A N T
S u m m a r y
1 2 2
INCREASES IN GAINS ON THIS RATION.  S lN C E  THE PRACTICAL BROILER RATION 
WAS FOUND TO CONTAIN 15 PPM LESS COPPER THAN THE P U R IF IE D  D I E T S ,  THE 
LEVELS OF COPPER THAT GAVE THE GREATEST INCREASES IN GAIN VARIED ABOUT 
F IV E  PPM IN THE LEVEL OF TOTAL COPPER CONTENT.
T he  a l k a l i n e  p h o s p h a t a s e  v a l u e s  s h o w e d  a g r e a t  d e a l  of  s i m i l a r i t y
BETWEEN THE CHICKS FROM NON-SUPPLEMENTED DAMS, FED THE P U R I F I E D  D IET  
AND THE COMMERCIAL BROILER CHICKS FED THE PRACTICAL BROILER RATION.  A s  
THE LEVEL OF COPPER WAS INCREASED, THE LEVEL OF ENZYME A C T I V I T Y  STEADILY 
INCREASED.. T h e  ADDITION OF 4-0 PPM COPPER CAUSED AM INCREASED ENZYME 
A C T IV IT Y  AMOUNTING TO ABOUT .30 PER CENT. T he  ENZYME LEVEL OF THE 
CHICKS FROM TUNGSTATE SUPPLEMENTED DAMS WAS QUITE D IFFERENT.  THE 
SUPPLEMENTATION OF DIFFERING LEVELS OF COPPER CAUSED DRAMATIC INCREASES 
IN THE LEVEL OF TH IS  ENZYME. THE ADDITION OF AO PPM COPPER TO THE 
P U R I F I E D  DIET  CAUSED AN INCREASED ALKALINE PHOSPHATASE A C T IV IT Y  OF 
3 0  PER CENT. T h i s  FACT GAVE R ISE  TO THE POSTULATION THAT THE SUPPLE­
MENTAL COPPER MIGHT HAVE BEEN OVERCOMING A TUNGSTATE T O X I C I T Y ,  CARR I ED -  
OVER FROM THE DAM:, AND TH IS  INCREASED ENZYME A C T IV IT Y  HAD A DIRECT OR 
I INDIRECT CONNECTION WITH SOME METABOLIC FUNCTION.  DATA WHICH SUPPORT 
SUCH A POSTULATE WERE THAT THERE APPEARED TO BE NO DIFFERENCES EX IST IN G 
BETWEEN THE GROUPS OF CHICKS FROM THE TUNGSTATE SUPPLEMENTED DAMS AND 
THE CHICKS FROM THE NON-SUPPLEMENTED DAMS. T H IS  STUDY MARKED THE 
F IR ST  TIME THAT TH IS  HAD BEEN FOUND TO BE TRUE.
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F .  S u l f a t e —S u l f u r  S u p p l e m e n t a t i o n  o f  Ch i c k s  D i e t s
S i n c e  v a r i o u s  w o r k e r s  h a d  s u g g e s t e d  t h a t  s u l f a t e  s u l f u r  wa s
INTERRELATED WITH MOLYBDENUM, WITH COPPER, AND WITH BOTH OF THESE 
ELEMENTS,  IT  SEEMED APPROPRIATED TO UNDERTAKE A STUDY TO IN VE S T IG A T E  
THE EFFECT OF VARIOUS INORGANIC SULFUR A D D IT IO N S  TO A RAT ION CONTAINING 
THE MOST D ES IR A BL E  LEVELS OF MOLYBDENUM, TUNGSTEN, AND COPPER. THE 
SULFUR WAS ADDED IN THE FORM OF ANHYDROUS SODIUM SULFAT E.  THE LEVELS 
OF MOLYBDENUM, TUNGSTEN, AND COPPER YIERE THOSE THAT HAD G IV EN THE 
MAXIMUM GROWTH RESPONSE IN THE PREVIOUS S T U D I E S .  T h e  P U R I F I E D  BASAL 
RATION WAS SUPPLEMENTED WITH 1 0  PPM MOLYBDENUM, ONE PPM TUNGSTEN, AND 
3 0  PPM COPPER. T h e  P RACTIC AL  BROILER RATION VMS SUPPLEMENTED WITH THE 
SAME LEVELS OF MOLYBDENUM AND TUNGSTEN BUT 4-0 PPM COPPER WAS ADDED 
SINCE T H I S  LEVEL HAD GIVEN  MAXIMUM GROWTH WITH T H I S  PA RTICULAR  R A T IO N .  
I T  SHOULD BE RECOGNIZED THAT THESE TWO AD D IT IO N S OF COPPER Y IE L D E D  
E S S E N T IA LL Y  THE SAME TOTAL COPPER CONTENT FOR THE TWO R A T IO N S .  THE 
SULFATE SULFUR A D D IT IO N S WERE MADE TO THE TWO BASAL RATIONS MENTIONED
a b o v e .  L e v e l s  o f  s u p p l e m e n t a t i o n  w e r e  0 ,  1 0 0 0  ,  2 0 0 0  , 3 0 0 0 ,  a n d  4-000 
PPM SULFUR.  T h e  P U R I F I E D  RAT ION CONTAINED 1 1 , 64.9 PPM TOTAL SULFUR AND 
THE PR A CTIC A L  RAT ION CONTAINED 4-635 PPM.  THE HIGHER SULFUR CONTENT WAS 
P A R T I A L L Y  DUE TO THE AD D IT IO N  OF ONE PER CENT M ET HIONINE TO THE 
P U R I F I  ED R A T I O N .
Cr i t e r i a  u s e d  i n  t h i s  s t u d y  w e r e  t h e  r a t e s  o f  g a i n  a n d  f e e d
CONVERSIONS.  A L K A L IN E  PHOSPHATASE DETERMINATIONS ON KIDNEY T IS S U E 
HOMOGENATES WERE MADE AT THE END OF THE 2 0 - D A Y  GROWTH PERIOD FOR THESE 
C H I C K S .
1 2 4
TABLE LVI I I
R e s u l t s  o f  G a i n ,  F e e d  C o n v e r s i o n s ,  a n d  A l k a l i n e  P h o s p h a t a s e  A c t i v i t i e s
o f  C h i c k s ,  F r o m  T u n g s t a t e  S u p p l e m e n t e d  D a m s ,  F e d  P u r i f i e d
D i e t  W i t h  S u l f a t e  S u p p l e m e n t a t i o n
Ad d e d  S u l f u r  Ga i n  F e e d  Al k a l i n e
( p p m ) (Gr a m s ) Co n v e r s i o n  P h o s p h a t a s e  L e v e l s #
0 2 4 9 1 . 4 2 4 2 . 4 4 4 7
1 0 0 0 271 1 . 4 3 4 5 . 7 7 9 1
2 0 0 0 2 6 8 1 . 4 0 4 2 . 8 7 5 0
3 0 0 0 2 6 3 1 . 4 4 7 1 .54 4 7
4000 2 5 7 1 . 5 2 7 5 . 5 2 9 0
# Al k a l i n e  p h o s p h a t a s e  a c t i v i t y  i s  e x p r e s s e d  as  m i l l i g r a m s  p h o s p h o r u s
P E R  GRAM K I D N E Y  T I S S U E  ( W E T  W E I G H T )
J_. P u r i f i e d  R a t i o n  S t u d i e s  W i t h  C h i c k s  F ro m  T u n g s t a t e  S u p p l e m e n t e d  
D ams
T h e  c h i c k s  f o r  t h i s  s t u d y  c a m e  f r o m  d a m s  t h a t  h a d  b e e n  f e d  t h e  
BREEDER RATION CONTAINING 5 0 0  PPM SUPPLEMENTAL TUNGSTATE. THE RATE OF 
G A I N ,  FEED CONVERSIONS, AND ALKALINE PHOSPHATASE A C T I V I T I E S  FOR THIS 
STUDY ARE PRESENTED IN TABLE LV I I 1 .  S T A T I S T I C A L  ANALYSIS OF THE RATE 
OF GAIN WERE MADE AND ARE SHOWN IN TABLE L i X .  WHEN THE GAIN OBTAINED 
FROM THE BASAL RATION WAS COMPARED TO THE VARIOUS LEVELS OF SULFUR 
SUPPLEMENTATION I T  WAS FOUND THAT THE ADD IT ION OF 1 0 0 0  AND 2 0 0 0  PPM 
SULFUR AS SULFATE CAUSED HIGHLY S I G N I F I C A N T  INCREASES IN THE RATE OF
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TABLE LSX
An a l y s i s  o r  V a r i a n c e  o n  Ga i n  o f  Ch i c k s ,  F ro m  T u n g s t a t e  S u p p l e m e n t e d
D am s ,  F e d  A P u r i f i e d  D i e t  W i t h  S u l f a t e  S u p p l e m e n t a t i o n s
So u r c e
De g r e e s  of  
F r e e d o m
Me a n
S q u a r e
F
V ALUE
T o t a l 1 9 3
Be t w e e n  S u l f u r  L e v e l s 4 1 59 5 3 . 0 5 *
B a s a l  v s  1 0 0 0  p p m  s u l f u r 1 51 53 9 . 8 5 * *
B a s a l  v s  2 0 0 0  p p m  s u l f u r 1 3 8 4 2 7 . 3 4 s *
B a s a l  v s  3 0 0 0  p p m  s u l f u r 1 2 1 4 6 4 . 1 0 *
B a s a l  v s  4000  ppm s u l f u r 1 9 6 0 1 . 8 3
Er r o r 1 9 4 523
*  S i g n i f i c a n t  at  0 . 0 5  l e v e l  of PR OBAB IL ITY
* *  S i g n i f i c a n t  a t  0 . 0 1  l e v e l  of PR O B ABIL ITY
G A I N ,  WITH THE LOWER LEVEL OF SUPPLEMENTATION RESULTING IN THE GREATER 
GROWTH S T IM U LA TIO N .  THE ADD IT ION OF 3 0 0 0  PPM SULFATE SULFUR TO THIS 
P U R I F I E D  RATION GAVE A S I G N I F I C A N T  STIMULATION IN THE RATE OF GAIN 
COMPARED TO THAT ATTAINED BY THE BASAL RATION.  THE HIGHEST LEVEL OF 
SUPPLEMENTAL SULFUR TENDED TO GIVE A SLIGHT INCREASE IN THE RATE OF 
GAIN 3UT T H IS  INCREASE WAS FOUND NOT TO BE S T A T I S T IC A L L Y  S I G N I F I C A N T .
A S T A T I S T I C A L  ANALYSIS REVEALED THAT A HIGHLY S I G N IF IC A N T  DIFFERENCE 
EX ISTED IN THE FEED CONVERSIONS BETWEEN THE LEVELS OF SUPPLEMENTAL
s u l f u r  ( T a b l e  L X ) .  When t h e  f e e d  c o n v e r s i o n  d a t a  f r o m  t h e  v a r i o u s  l o t s
RECEIVING THE SUPPLEMENTAL LEVELS OF SULFUR WERE S T A T I S T IC A L L Y  COMPARED 
TO THAT ATTAINED FROM THE BASAL RATION IT  WAS FOUND THAT THE ADDITIONS
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TABLE LX
An a l y s i s  o f  V a r i a n c e  o n  F e e d  Co n v e r s i o n s  o f  Ch i c k s ,  F rom  T u n g s t a t e  
S u p p l e m e n t e d  D a m s , F e d  A P u r i f i e d  D i e t  W i t h  S u l f a t e  S u p p l e m e n t a t i o n s
S o u r c e
D e g r e e s  o f  
F r e e d o m




T o t a l 1 9
Be t w e e n  S u l f u r  L e v e l s 4 7 7 . 2 5 8 . 5 2 *
B a s a l  v s  1 0 0 0  ppm S u l f u r 1 2 . 0 0 0 . 2 3
B a s a l  v s  2 0 0 0  ppm S u l f u r 1 1 6 . 0 0 1 . 8 7
B a s a l  v s  3000 ppm S u l f u r 1 8 . 0 0 0 . 9 4
B a s a l  v s  4000  ppm S u l f u r 1 1 8 1 . 0 0 2 1 . 2 2 * *
Err or 1 5 9 . 0 0
*  S i g n i f i c a n t  a t  0 . 0 5  l e v e l OF P R O B A B IL I T Y
^ S i g n i f i c a n t  a t  0 . 0 1  l e v e l OF p r o b a b i l i t y
OF 1 0 0 0 ,  2 0 0 0  AND 3 0 0 0  PPM SULFUR D I D  NOT PRODUCE RESULTS THAT DIFFERED 
FROM THAT OF THE BASAL RAT ION.  HOWEVER, WHEN THE RATION WAS SUPPLEMENTED 
WI TH 4 0 0 0  PPM SULFUR A HIGHLY S I G N I F I C A N T  DEPRESSION OF THE FEED CON­
VERSION BELOW THAT OF THE UNSUPPLEMEMTED BASAL RATION WAS FOUND. THE 
ALKA LINE PHOSPHATASE LEVELS OF THE CHICKS FED THE 1 0 0 0  AND 2 0 0 0  PPM 
SULFATE WERE QUITE S I M I L A R  TO THAT OF THE CHICKS FED THE BASAL RATION.
Wh e n  t h e  r a t i o n  wa s  s u p p l e m e n t e d  w i t h  3 0 0 0  p p m  s u l f a t e  s u l f u r  t h e r e
WAS A SHARP INCREASE OF ALMOST 7 0  PER CENT IN THE ENZYME A C T I V I T Y  OVER 
THAT OBTAINED FOR THE BASAL RATION.  THE SUPPLEMENTATION OF THE BASAL 
RATION WI TH 4 0 0 0  PPM SULFUR RESULTED IN A S T I L L  HIGHER RISE IN THE 




R e s u l t s  o f  R a t e  o f  G a i n ,  F e e d  C o n v e r s i o n ,  a n d  A l k a l i n e  P h o s p h a t a s e
A c t i v i t i e s  o f  C h i c k s ,  F r o m  No n - S u p p l e m e n t e d  D a m s ,  F e d  A
P u r i f i e d  R a t i o n  W i t h  S u l f a t e  S u p p l e m e n t a t i o n s
F e e d  Al k a l i n e  P h o s p h a t a s e  
Ad d e d  S u l f u r  G a i n  Co n v e r s i o n  Ac t i v i t y *
( p p m ) (Gr a m s )
0 2 6 4  1 . ^ 2  4 0 . 8 7 9 0
1 0 0 0  2 7 8  1 . 3 9  4 0 . 3 2 0 9
2 0 0 0  2 7 6  1 . 4 2  3 9 . 0 2 3 9
3 0 0 0  2 6 2  1 . 4 8  5 1 . 6 5 5 8
4000  2 6 0  1 . 5 7  5 1 . 0 2 6 7
*  Al k a l i n e  p h o s p h a t a s e  a c t i v i t y  e x p r e s s e d  a s  m i l l i g r a m s  p h o s p h o r u s
PER GRAM K I D N E Y  T I S S U E  ( WET W E I G H T ) .
i I . P u r i f i e d  R a t  i o n  S t u d i e s  W i t h  C h i c k s  F ro m  N o n - S u p p l e m e n t e d  Dams 
T h e  s e c o n d  p o r t i o n  o f  t h i s  s t u d y  was  c o n c e r n e d  w i t h  t h e  e f f e c t s  o f
SUPPLEMENTAL SULFUR WHEN ADDED TO A P U R IF IE D  D IE T  FED TO CHICKS FROM
n o n - s u p p l e m e n t e d  Wh i t e  P l y m o u t h  Ro ck  h e n s , T h e  p r i m a r y  d i f f e r e n c e
BETWEEN THIS SECTION AND THE PREVIOUS SECTION WAS THE DIFFERENCE IN THE 
DAM TREATMENT. T he  SAME C R IT E R IA  AS DESCRIBED IN THE PREVIOUS SECTION 
WERE USED IN THIS STUDY.
The  d a t a  f r o m  t h i s  t r i a l  a r e  p r e s e n t e d  i n  T a b l e  L X I .  The  r e s u l t s
OF A S T A T I S T IC A L  ANALYSIS OF VARIANCE ON THE RATE OF GAIN IS PRESENTED
i n  T a b l e  L X I I .  A s  c a n  be s e e n  f r o m  t h i s  a n a l y s i s  o f  v a r i a n c e ,  a
S IG N IF IC A N T  DIFFERENCE WAS FOUND TO EX IST  BETWEEN THE VARIOUS LEVELS
i 2 a
TABLE LX! I
R e s u l t s  o r  An a l y s i s  of V a r i a n c e  o n  G a i n  of  Ch i c k s ,  F rom  No n - S u p p l e m e n t e d
D a m s ,  F e d  A P u r i f i e d  D i e t Wi t h  V a r i o u s  L e v e l s o f  S u p p l e m e n t a l  S u l f a t e
So u r c e
D e g r e e s  o f  
F r e e d o m
Me an 
S q u a r e
F
V a l u e
T o t a l 1 9 9 - -
Be t w e e n  S u l f u r  L e v e l s 4 1 4 9 7 3 . 06 *
B a s a l  v s  1000  ppm S u l f u r 1 2161 4 . 42 *
B a s a l  v s  2000  ppm S u l f u r 1 1 7 1 6 3 . 5 3
B a s a l  v s  3000  ppm S u l f u r 1 123 0 . 2 5
B a s a l  v s  4000  ppm S u l f u r 1 2 6 0 . 0 5
E rror 195 4 8 9
*  S i g n i f i c a n t  at  0 . 0 5  l e v e l OF P R O B A B IL I T Y
OF SULFUR ADDED TO THE P U R IF IE D  D I E T ,  WHEN THE BASAL RATION WAS 
COMPARED TO THE VARIOUS LEVELS OF SUPPLEMENTAL SULFATE SULFUR IT  WAS 
FOUND THAT THE ADD IT ION OF 1 0 0 0  PPM INORGANIC SULFUR CAUSED A S I G N I F I ­
CANT INCREASE IN THE 2 0 - D A Y  GAIN OF THESE CHICKS.  THE INCLUSION OF 
2 0 0 0  PPM SULFUR TO THE P U R IF IE D  D IE T  GAVE AN INCREASE IN GAIN THAT 
APPROACHED S IG N IF IC AN C E BUT WAS SL IGHTLY UNDER THAT CAUSED BY THE 
LOWER LEVEL OF SUPPLEMENTATION. Th£  SUPPLEMENTAT I ON OF 3 0 0 0  AND 4 0 0 0  
PPM SULFUR WERE WITHOUT EFFECT WHEN COMPARED TO THE GAIN ATTAINED BY THE 
BASAL P U R I F I E D  D I E T .  THESE RESULTS D ID  NOT COMPLETELY AGREE WITH THOSE 
OBTAINED FROM THE CHICKS FROM TUNGSTATE SUPPLEMENTED DAMS WHERE ALL 
LEVELS OF SULFATE SULFUR SUPPLEMENTATION RESULTED IN S T A T I S T IC A L L Y  
S I G N I F I C A N T  INCREASES IN THE RATE OF G A I N .  HOWEVER, THE SAME LEVEL
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TABLE LXSI!
Re s u l t s  o r  An a l y s i s  o f  V a r i a n c e  on  F e e d  Co n v e r s i o n s  Ob t a i n e d  o n  C h i c k s ,
F rom Mo n - S u p p l e m e n t e d  D a m s ,  F e d  A P u r i f i e d  R a t i o n
W i t h  V a r i o u s  S u l f a t e  S u p p l e m e n t a t i o n s
S o u r c e
De g r e e s  of  
F r e e d o m
Me a n
S q u a r e
F
V a l u e
Total 19
Be t w e e n  S u l f u r  L e v e l s 4 254.3 5.70*«
B a s a l  v s  1000 p p m  S u l f u r 1 16.0 0.36
B a s a l  v s  2000 p p m  S u l f u r 1 2.0 0.04
B a s a l  v s  3000 p p m  S u l f u r 1 36.0 0.81
B a s a l  v s  4000 p p m  S u l f u r 1 338.0 7.57*
Er r o r 15 44.6
*  S i g n i f i c a n t  at  0.05 l e v e l  of PR OBAB IL ITY
( 1 0 0 0  ppm) i n  b o t h  c a s e s  g a v e  t h e  g r e a t e s t  i n c r e a s e  i n  g a i n  o v e r  t h a t  
f o r  t h e  b a s a l  r a t i o n ,
A STA T IST IC AL  ANALYSIS OF VARIANCE WAS MADE ON THE FEED CONVERSION 
DATA AND IS PRESENTED IN TABLE L X I ! t . S T A T I S T I C A L  DIFFERENCES WERE 
FOUND TO EXIST BETWEEN THE GROUPS FED THE VARIOUS LEVELS OF SUPPLE­
MENTAL SULFUR, IT WAS FOUND BY S T A T IST IC AL  COMPARISONS THAT THE LOWER 
THREE LEVELS OF SULFUR SUPPLEMENTATIONS (1000, 2000, AND 3000 PPM) WERE 
WITHOUT EFFECT COMPARED TO THE BASAL RATION,  The INCLUSION OF 4000 
PPM SULFUR IN THE P U R IF IE D  D IE T  CAUSED A S I G N IF IC A N T  DEPRESSION IN THE 
FEED CONVERSION RATE, THIS  WAS THE SAME EFFECT NOTED WHEN THIS  RATION 
WAS FED TO THE CHICKS FROM TUNGSTATE SUPPLEMENTED HENS, AS REPORTED IN
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THE PREVIOUS SECTION.
The  a l k a l i n e  p h o s p h a t a s e  v a l u e s  f o r  t h e  b a s a l  d i e t  and  t h e  1 0 0 0  
AND 2 0 0 0  PPM LEVELS OF SUPPLEMENTATION WERE Q U I T E  S I M I L A R .  THE 3 0 0 0  
PPM AND 4.000 PPM ADD IT IONS OF SULFUR RESULTED IN AN APPARENT INCREASE 
OF 2 6  PER CENT IN THE ALKA LINE PHOSPHATASE VALUES.
I I I .  Pr a c t i c a l  R a t i o n  S t u d i e s  W i t h  V a n t r e s s  -WPR Ch i c k s  
T h e  s a m e  c r i t e r i a  r e p o r t e d  e a r l i e r  i n  t h i s  s t u d y  w e r e  u s e d  t o
DETERMINE WHAT EFFECT THE SUPPLEMENTAL LEVELS OF INORGANIC SULFUR 
MIGHT HAVE ON COMMERCIAL BROILER CHICKS FED A PRACTICAL CORN~SOYBEAN 
MEAL BROILER RAT ION.  THE GAINS FOR A 20~DAY PERIO D,  FEED CONVERSIONS,
AND ALKA LINE PHOSPHATASE A C T I V I E S  WERE DETERMINED AND ARE PRESENTED
i n  T a b l e  L X I V .
TABLE LXIV
R a t e  o f  Ga i n , F e e d  Co n v e r s i o n  D a t a  a n d  Al k a l i n e  P h o s p h a t a s e  D e t e r m i n a t i o n s  
o n  V a n t r e s s -WPR Ch i c k s  F e d  A P r a c t i c a l  Br o i l e r  R a t i o n  
W i t h  S u l f a t e  S u p p l e m e n t s
Ad d e d  S u l f u r  G a i n  F e e d  Al k a l i n e  Ph o s p h a t a s e
( p p m ) (Gr a m s ) Co n v e r s i o n  Ac t i v i t y *
0  298  1 . 7 2  9 5 . 4 9 4 2
1 0 0 0  3 1 8  1 . 7 0  9 2 . 8 0 7 3
2 0 0 0  3 0 8  1 . 6 7  1 0 0 . 6 2 0 0
3 0 0 0  3 0 0  1 . 7 4  1 1 7 . 9 8 4 6
4 0 0 0  3 0 3  1 . 7 8  1 2 3 . 7 8 3 2
*  Al a k l i n e  P h o s p h a t a s e  a c t i v i t y  e x p r e s s e d  a s  m i l l i g r a m s  p h o s p h o r u s
P E R  GRAM K I D N E Y  T I S S U E  (WET W E I G H T ) .
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TABLE LXV
Re s u l t s  o f  A n a l y s i s  o f  V a r i a n c e  on  R a t e  o f  G a i n  on  V a n t r e s s -WPR Ch i c k s  
F e d  A P r a c t i c a l  Br o i l e r  R a t i o n  W i t h  S u p p l e m e n t a l  L e v e l s  o f  S u l f a t e
S o u r c e
De g r e e s  o f  
F r e e d o m
Me a n
S q u a r e
F
V ALUE
T o t a l 9 9
Be t w e e n  S u l f u r  L e v e l s 4 14J24.5 3 . 0 7 s
Ba s a l  v s  1 0 0 0  p p m  S u l f u r 1 4 0 4 1 . 0 8 . 1 3 * *
B a s a l  v s  2 0 0 0  p p m  S u l f u r 1 1 0 9 2 . 0 2 . 1 9
B a s a l  v s  3 0 0 0  p p m  S u l f u r 1 5 7 . 0 0 . 1 1
B a s a l  v s  4000  ppm S u l f u r 1 1 2 5 0 . 0 2 . 5 2
Er r o r 95 4 9 7 . 5
*  S i g n i f i c a n t  a t  0 . 0 5  l e v e l  o f PR O B A B IL ITY
S i g n i f i c a n t  a t  0 . 0 1  l e v e l  o f P R O BABIL ITY
A s t a t i s t i c a l  a n a l y s i s  was  m a d e  on  t h e  r a t e  o f  g a i n  o b t a i n e d  
i n  t h i s  s t u d y .  T h e  a n a l y s i s  of v a r i a n c e  i s  p r e s e n t e d  i n  T a b l e  LXV.
I t  was  f o u n d  t h a t  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  b e t w e e n  g r o u p s  f e d  
d i f f e r e n t  l e v e l s  o f  s u l f a t e  s u l f u r .  Upon  c o m p a r i n g  t h e  v a r i o u s  g r o u p s  
w i t h  t h e  b a s a l  r a t i o n  i t  was f o u n d  t h a t  t h e  i n c l u s i o n  OF 1 0 0 0  PPM 
INORGANIC SULFUR IN THE PRACTICAL BROILER RATION RESULTED IN A 
S T A T I S T IC A L L Y  S I G N I F I C A N T  IMPROVEMENT IN THE RATE OF G A I N .  THE RESULTS 
OBTAINED FROM OTHER GROUPS FED VARIOUS LEVELS OF INORGANIC SULFUR VIERE 
FOUND TO BE NOT S T A T I S T IC A L L Y  S I G N IF IC A N T  ALTHOUGH SOME DEGREE OF IMPROVE­
MENT IN GAIN VIAS OBSERVED. T H I S  WAS THE SAME PATTERN THAT WAS FOUND 
WHEN THE NON-SUPPLEMENTED WHITE PLYMOUTH ROCK CHICKS WERE FED THE
1 3 2
TABLE LXVI
R e s u l t s  o f  A n a l y s i s  o f  V a r i a n c e  o n  F e e d  Co n v e r s i o n s  Ob t a i n e d  F r o m  
V a m t r e s s -WPR Ch i c k s  F e d  A P r a c t i c a l  Br o i l e r  R a t i o n  
W i t h  V a r i o u s  L e v e l s  o f  S u l f a t e
De g r e e s  o f  Me a n  F
S o u r c e  F r e e d o m  S q u a r e  V a l u e
T o t a l  9
B e t w e e n  S u l f u r  L e v e l s  4  2 5 7 .0  1 .6 7
Er r o r  5 1 5 4 * 0
p u r i f i e d  d i e t .
T h e  r e s u l t s  o f  a  s t a t i s t i c a l  a n a l y s i s  o n  t h e  f e e d  c o n v e r s i o n
DATA ARE PRESENTED iN TABLE L X V I . No REAL DIFFERENCES WERE FOUND TO 
E X I S T  BETWEEN THE FEED CONVERSION RATES.  SoME DIFFERENCES WERE 
APPARENT BUT DUE TO THE SMALL NUMBER OF OBSERVATIONS AND THE VA R IA T IO N S  
BETWEEN REPLICAT E GROUPS THESE DIFFERENCES WERE MOT S T A T I S T I C A L L Y  
S I G N I F I C A N T .
T h e  K IDNEY ALKA L IN E  PHOSPHATASE LEVELS TENDED TO REMAIN R E L A T IV E LY  
CONSTANT WHEN SULFATE SULFUR WAS ADDED TO THE RATION AT THE LEVELS OF 
1000 AND 2000 PPM. ! n THE CASE OF THE CASE OF THE VANTRESS-WPR CHICKS  
FED THE PRACTIC AL  BROILER R A T I O N ,  THE AD D IT IO N  OF 3000 PPM OF SULFATE 
SULFUR RESULTED IN AN INCREASE OF ALMOST 2 4  PER CENT COMPARED TO THE 
VALUE OBTAINED FROM THE BASAL R AT IO N .  THE INCLUSION OF 4 0 0 0  PPM
_  V
SULFATE SULFUR IN THE PR A CTIC AL  BROILER RATION RESULTED IN AN 




S u m m a r y
T h e  a d d i t i o n  o r  1 0 0 0  a n d  2 0 0 0  p p m  o r  s u l f a t e  s u l f u r  t o  a p u r i f i e d
D IE T  TO ran 3 CH HAD BEEN ADDED 10  PPM MOLYBDENUM, ONE PPM TUNGSTEN, AND 
3 0  PPM COPPER RESULTED IN A S I G N IF IC A N T  INCREASE IN RATES OF GAIN FOR 
CHICKS REGARDLESS OF WHETHER THE DAMS RECEIVED TUNGSTATE SUPPLE­
MENTATIONS.  IN THE CASE OF THE CHICKS FROM HENS FED THE TUNGSTATE 
SUPPLEMENTED RAT ION,  THE ADD IT ION OF 3 0 0 0  PPM SULFUR RESULTED IN A 
S I G N IF IC A N T  INCREASE IN GAIN OVER THAT OBTAINED ON THE BASAL RATION.
T h e  g a i n  was  ESSENTIALLY t h e  s a m e  as  THAT FOR THE c h i c k s  f r o m  t h e
UNSUPPLEMENTED BREEDER HENS, WHICH IN TURN WAS NOT S I G N IF IC A N T L Y  
DIFFERENT FROM THAT OF THE BASAL FED GROUPS. T H I S  S I G N IF IC A N T  INCREASE 
JS DUE PR 5MAR ILY  TO THE POORER GAINS EXPERIENCED BY THE BASAL R A T IO N -  
FED CHSCK3 FROM THE TUNGSTATE SUPPLEMENTED BREEDER HENS. THE BA SA L-  
RAT ION-FED  CHICKS FROM THE UNSUPPLEMENTED BREEDER HENS GREW AT A 
S I G N IF IC A N T L Y  GREATER RATE THAN D I D  THOSE FROM THE TUNGSTEN SUPPLE­
MENTED HENS. T h i s  o b s e r v a t i o n  IS D I F F I C U L T  TO EXPLAIN UNLESS THE 
TUNGSTEN CARRY-OVER FROM THE HENS TO THE CHICKS IS DEPRESSING GROWTH 
AND THAT TH IS  DEPRESSION IS OVERCOME BY THE ADDIT ION OF SULFATE.  T H IS  
CONDITION IS ESSENTIALLY THE SAME AS THAT OBSERVED IN THE MOLYBDENUM 
AND TUNGSTEN STUDIES WHERE IT  WAS SUSPECTED THAT THE RESULT WAS DUE 
TO THE TUNGSTEN CARRY-OVER IN THE CHICKS.  T h a t  SULFATE SUPPLEMENTATION 
HELPED COUNTERACT T H IS  CARRY-OVER EFFECT WOULD ONLY PARTIAL LY  EXPLAIN  
T H IS  EFFECT SINCE S I G N I F I C A N T  INCREASES IN GAINS WERE ALSO EXPERIENCED 
DUE TO SULFATE ADDITIONS TO THE RATIONS OF CHICKS WHOSE DAMS HAD NOT 
RECEIVED ANY TUNGSTEN SUPPLEMENTATION. T H I S  WAS TRUE FOR 90TH THE
Wh i t e  P l y m o u t h  R o c k  c h i c k s  a n d  t h e  c o m m e r c i a l  c h i c k s .  I n c r e a s i n g  t h e
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LEVEL OF SULFATE SUPPLEMENT ATiON ABOVE 1000 PPM APPEARED TO REDUCE 
THE RATE OF GAIN IN ALL CASES. HOWEVER T H I S  REDUCTION WAS NOT OF 
S U F F IC IE N T  MAGNITUDE TO BE S T A T I S T I C A L L Y  S I G N I F I C A N T .  T H 1 3 LEVEL OF 
SUPPLEMENTATION RESULTED IN A TOTAL SULFUR CONTENT OF 1 2 6 ^ 9  PPM IN 
THE CASE OF THE P U R I F I E D  RATION AND 5 & 35  PPM IN  THE CASE OF THE 
PR ACTICAL  R A T IO N .  EVEN THOUGH ONE PER CENT METHIONINE WAS ADDED TO 
THE P U R I F I E D  R A T IO N ,  TH IS  WOULD ACCOUNT FOR ONLY 2300 PPM SULFUR 
AS METHIONINE AND THE COMPARATIVE LEVELS OF THE TWO RATIONS WERE S T I L L  
RAD ICAL LY  D IF F E R E N T .  THE RESULTS WOULD IN DIC ATE THAT THE FORMS OF THE 
SULFUR IN THE TWO RATIONS WERE QUITE DIFFERENT AND THAT THE SULFATE 
ADDIT IONS WERE FUNCTIONING P R IM A R IL Y  AS SULFATE AND INDEPENDENTLY OF 
THE REMAINING SULFUR CONTAIN ING COMPOUNDS IN THE R AT IO N .  THE RESULTS 
OF T H I S  STUDY SUPPORT THE SUGGESTION OF GORDON (1957) AND MaCHLIN  
(T955) THAT THERE APPEARS TO 3E A REQUIREMENT FOR SULFATE BY THE 
CHICK UNDER CERTAIN C O N D IT IO N S .  Tl - t lS DATA ALSO SUGGESTS AN ASSOCIATION 
BETWEEN TUNGSTEN AND SULFATE IN THE D IE T S  OF GROWING CHICKS.
SULFATE AD D IT IO N  D ID  NOT AFFECT FEED CONVERSIONS EXCEPT AT THE 
4.000 PPM ADDIT IONS TO THE P U R I F I E D  R A T IO N .  THE ALKA LINE PHOSPHATASE 
VALUES FOR CHICKS FED THE P U R I F I E D  RATIONS WITH 1000 AND 2000 PPM 
SULFATE ADDIT IONS WERE QUITE S I M I L A R }  HOWEVER, THERE WAS A DRAMATIC 
INCREASE (70 AND 78 PER CENT)  IN THE ALKA L IN E  PHOSPHATASE VALUES FOR 
THE 3000 AND 4-000 PPM AD D IT IO N S TO THE P U R I F I E D  D IE T S  OF CHICKS FROM 
TUNGSTATE FED DAMS. T h E INCREASE IN T H I S  ENZYME FOR CHICKS FROM NON-  
SUPPLEMENTED DAMS WAS NOT SO DRAM ATIC ,  BEING ONLY 26 PER CENT AT THE 
HIGHER LEVELS OF SULFATE A D D I T I O N .  THE ALKA L IN E  PHOSPHATASE VALUES FOR 
THE COMMERCIAL BROILER CHICKS FED THE PRACTIC AL  RATION WITH 1000 AND
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2000 PPM SULFATE WERE CONSIDERABLY HIGHER THAN FOR CHICKS FED THE 
P U R I F I E D  RAT IONS,  BUT D ID  NOT DIFFER S I G N IF IC A N T L Y  AMONG THEMSELVES.
T h e  ADD IT ION OF 3000 AND 4000 PPM s u l f a t e  r e s u l t e d  i n  i n c r e a s e s  of 
24 PER CENT AND 30 PER CENT, RES PECTIVELY.  THESE INCREASES ARE QUITE 
S I M I L A R  IN MAGNITUDE IN COMPARISON TO THOSE OF THE CHICKS FROM THE NON- 
SUPPLEMENTED DAMS FED THE P U R I F I E D  RATION.  As WAS THE CASE WITH 
COPPER, THE ALKALINE PHOSPHATASE LEVELS WERE QUITE DIFFERENT IN THE 
CASE OF THE CHICKS FROM THE TUNGSTATE SUPPLEMENTED DAMS.
IT IS  NOT FELT THAT SULFATE ADDIT ION IS DIRECTLY RELATED TO 
THE ALKALINE PHOSPHATASE VALUES,  BUT RATHER THE ALKALINE PHOSPHATASE 
INCREASES DUE TO CERTAIN STRESS CONDITIONS BROUGHT ABOUT BY THE 
INCREASED SUPPLEMENTATIONS OF THESE MINERALS.
Ag a i n  t h e r e  a p p e a r e d  to  be no  a s s o c i a t i o n  b e t w e e n  g r o w t h  r a t e
AND THE KIDNEY ALKALINE PHOSPHATASE A C T I V I T I E S .
1 3 6
G. P h o s p h o r u s  S u p p l e m e n t a t i o n  o r  Ch i c k  D » e t s
S i n c e  c o p p e r  a n d  s u l f a t e  s u p p l e m e n t a t i o n s  h a d  r e s u l t e d  i n  
d r a m a t i c  a l k a l i n e  p h o s p h a t a s e  i n c r e a s e s  i n  k i d n e y  t i s s u e  w i t h  h i g h
LEVELS OF THESE ELEMENTS, I T  APPEARED APPROPRIATE TO STUDY DIFFER EN T 
LEVELS OF PHOSPHORUS IN THE RAT IO N S .
Bo t h  t h e  p u r i f i e d  d i e t  a n d  t h e  p r a c t i c a l  b r o i l e r  r a t i o n  t o  w h i c h
HAD BEEN ADDED TEN PPM MOLYBDENUM, ONE PPM TUNGSTEN, 3 0  OR 4 0  PPM 
COPPER (TO THE P U R I F I E D  D I E T  AND PR ACTICAL  R A T IO N ,  R E S P E C T I V E L Y ) ,  AND 
1 0 0 0  PPM INORGANIC SULFATE WERE SUPPLEMENTED WITH VARIOUS LEVELS OF 
PHOSPHORUS. T he  l e v e l s  o f  p h o s p h o r u s  s u p p l e w s e n t a t  i o n s  w e r e  0 ,  5 0 0 ,
1 0 0 0 ,  1 5 0 0 ,  a n d  2 0 0 0  p p m .  T h e  p h o s p h o r u s  w a s  a d d e d  a s  o r t h o - p h o s p h o r i c  
a c i d . Ex a c t l y  t h e  s a m e  m a n a g e m e n t  p r o c e d u r e s  w e r e  f o l l o w e d  a s  w e r e  
p r a c t i c e d  i n  e a r l i e r  s t u d i e s .
T w e n t y - d a y  w e i g h t  g a i n s  a n d  f e e d  c o n v e r s i o n s  yiere  t h e  m a j o r
C R I T E R I A  USED IN T H I S  STUDY,  ALTHOUGH AL KAL IN E PHOSPHATASE DETERMINATIONS 
WERE MADE ON KIDNEY TISSUE HQMOGENATES AT THE CONCLUSION OF EACH T R I A L .
J_. P u r i f i e d  R a t  i o n  S t u d i  e s  IV i t h  Ch i c k s  F r o m  T u n g s t a t e  S u p p l e m e n t e d  
D ams
Two HUNDRED C H IC K S ,  BROODED IN 2 0  GROUPS OF 10  CHICKS EACH WERE 
USED IN T H I S  PORTION OF THE STUDY. THE G A I N S ,  FEED CONVERSIONS, AND 
ALKAL IN E PHOSPHATASE A C T I V I T I E S  OBTAINED ARE PRESENTED IN TABLE
L X V I  I .
An ANALYSIS OF VARIANCE ON THE RATE OF GAINS FROM THESE WHITE
P l y m o u t h  R o c k  c h i c k s  i s  p r e s e n t e d  i n  T a b l e  L X V I H ,  a n d  r e v e a l e d  t h a t
THERE WERE MO REAL DIFFERENCES IN THE RATES OF GAIN AMONG THE VARIOUS
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TABLE LXV I I
R e s u l t s  o f  G a i n ,  F e e d  Co n v e r s i o n s ,  a n d  Al k a l i n e  P h o s p h a t a s e  V a l u e s  on 
Ch i c k s ,  F ro m  T u n g s t a t e  S u p p l e m e n t e d  D a m s ,  F e d  A P u r i f i e d  R a t i o n  P l u s
S u p p l e m e n t a l  L e v e l s  o f  P h o s p h o r u s
Ad d e d  Al k a l i n e
P h o s p h o r u s  Ga i n  F e e d  P h o s p h a t a s e
( p p m ) (Gr a m s ) Co n v e r s i o n  Ac t i v i t y *
0  2 6 2  I *4-7 44.4-94-9
5 0 0  2 6 0  1 .4 . 8  4 - 7 . 1 5 1 5
1 0 0 0  2 6 5  1 .4 .7  4 - 5 . 3 0 7 7
1 5 0 0  2 5 4  1 .4 -8  5 6 . 7 6 3 3
2 0 0 0  2 5 5  1 . 5 8  5 5 . 5 8 7 1
*  Al k a l i n e  p h o s p h a t a s e  a c t i v i t y  i s  e x p r e s s e d  a s  m i l l i g r a m s  p h o s p h o r u s  
PER GRAM KIDNEY TISSUE (WET W EIGHT) .
T A B L E  L X V I  I I
Re s u l t s  o f  An a l y s i s  o f  V a r i a n c e  on G a i n  of  C h i c k s ,  F rom  T u n g s t a t e  
S u p p l e m e n t e d  D a m s ,  F e d  P u r i f i e d  D i e t  Wi t h  S u p p l e m e n t a l  L e v e l s
o f  P h o s p h o r u s
De g r e e s  o f  Me a n  F
S o u r c e  F r e e d o m  S q u a r e  V a l u e
To t a l
Be t w e e n  P h o s p h o r u s  L e v e l s  




1 1 7 8




A n a l y s i s  o f  V a r i a n c e  on  F e e d  C o n v e r s i o n s  o f  C h i c k s ,  From T u n g s t a t e  F e d  
Dams,  F e d  A P u r i f i e d  R a t i o n  W i t h  S u p p l e m e n t a l  L e v e l s  o f  P h o s p h o r u s
So u r c e
De g r e e s  of  
F r e e d o m
Me a n
S q u a r e
F
V a l u e
T o t a l 1 9
Be t w e e n  P h o s p h o r u s  L e v e l s 4 9 6 . 2 1 . 4 7
Er r o r 15 6 5 . 3
GROUPS IN THIS STUDY.
A S T A T I S T IC A L  ANALYSIS OF VARIANCE WAS MADE ON THE FEED CONVERSION 
DATA IS PRESENTED IN TABLE LXVIX. I t  WAS FOUND THAT THERE WERE NO REAL 
DIFFERENCES EXIST IN G AMONG THE VARIOUS GROUPS DURING THIS 20 -DAY TR IAL  
P E R I O D .
T he  l e v e l  OF ALKALINE PHOSPHATASE a c t i v i t y  r e m a i n e d  r e l a t i v e l y  
STABLE WHEN PHOSPHORUS WAS ADDED TO THE BASAL RATION AT THE LEVELS OF
5 00  a n d  1 0 0 0  p p m . T he  a d d i t i o n s  o f  1 5 0 0  a n d  2 0 0 0  p p m  p h o s p h o r u s
TENDED TO CAUSE A DEPRESSION IN THE RATE OF GAIN WHICH WAS NOT S I G ­
N I F I C A N T ;  HOWEVER, ALKALINE PHOSPHATASE A C T I V I T I E S  FOR THESE LEVELS 
OF PHOSPHORUS SUPPLEMENTATION WAS INCREASED SLIGHTLY MORE THAN 25 
PER CENT.
I i .  P u r  i f i e d  R a t i o n  S t u d i e s  W i t h  Ch i c k s  F ro m  N o n - S u p p l e m e n t e d  
Dams
T h e  same e x p e r i m e n t a l  d e s i g n  as d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n
TABLE LXX
R e s u l t s  o f  G a i n ,  F e e d  Co n v e r s i o n s ,  a n d  Al k a l i n e  P h o s p h a t a s e  Ac t i v i t i e s  
on  Ch i c k s ,  F rom  No n - S u p p l e m e n t e d  D a m s ,  F e d  P u r i f i e d  D i e t  
Wi t h  Ph o s p h o r u s  S u p p l e m e n t a t i o n s
Ad d e d
Ph o s p h o r u s
( p p m )
G a i n
(Gr a m s )
F e e d  
Co n v e r s i o n
Al k a l i n e
P h o s p h a t a s e
Ac t i v i t y *
0 2 6 3 1 . 4 5 5 0 . 7 9 9 4
5 0 0 2 5 9 1 . 4 8 5 2 . 6 9 2 7
1 0 0 0 255 1 . 5 0 5 2 . 2 0 5 2
1 5 0 0 2 5 7 1 . 4 8 5 6 . 5 2 7 7
2 0 0 0 2 5 5 1 . 5 1 5 5 . 9 6 7 0
*  A l k a l i n e  p h o s p h a t a s e  a c t i v i t y  i s  e x p r e s s e d  as m i l l i g r a m s  p h o s p h o r u s  
PER GRAM KIDNEY TISSUE (tf/ET WEIGHT) .
TABLE LXXI
An a l y s i s  o f  V a r i a n c e  o n  G a i n  o f  C h i c k s ,  F rom No n - S u p p l e m e n t e d  D a m s , 
F e d  P u r i f i e d  D i e t s  W i t h  P h o s p h o r u s  S u p p l e m e n t a t i o n
D e g r e e s  o f  L e a n  F
S o u r c e  F r e e d o m  S q u a r e  V a l u e
T o t a l  1 9 9
B e t w e e n  P h o s p h o r u s  L e v e l s  4  1324  0 . 78 -
Error 195 1699
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WAS USED IN T H I S  STUDY.  THE PRIMARY DIFFERENCE BETY/EEN T H I S  FEEDING 
T R I A L  AND THAT OF THE PREVIOUS SECTION WAS THE TREATMENT OF THE DAMS 
FROM WHICH THE CHICKS WERE SECURED. THESE DAMS WERE FED THE NON- 
SUPPLEMENTED BREEDER R A T I O N .
T h e  g a i n s ,  f e e d  c o n v e r s i o n s ,  a n d  k i d n e y  a l k a l i n e  p h o s p h a t a s e
A C T I V I T I E S  WERE OBTA IN ED FOR THE VARIOUS GROUPS AND T H I S  DATA IS 
PRESENTED IN TABLE LXX. An ANALY SIS  OF VARIANCE WAS MADE FROM THE 
DATA OBTAINED  ON G A IN S  OF THE CHICKS FROM T H IS  T R I A L .  T H I S  ANA LYS IS  IS 
PRESENTED IN TABLE L X X ! .  No S I G N I F I C A N T  DIFFERENCES WERE FOUND AMONG 
THE GAINS OF THE VARIOUS RAT ION TREATMENTS.  THESE F I N D IN G S  COMPARE 
FAVORABLY WITH THOSE O BTA INED  3N THE CASE OF C H IC K S ,  FROM TUNGSTATE 
SUPPLEMENTED DAMS,  WHICH WERE FED THE SAME RATION AS REPORTED IN THE 
F I R S T  PORTION OF TH IS  STUDY.
A S T A T I S T I C A L  ANA LYSIS  OF VARIANCE WAS THEN MADE ON THE FEED 
CONVERSION DATA OB TA IN ED  BETWEEN THE VARIOUS GROUPS IN THESE T R I A L S .
T h i s  a n a l y s i s  i s  s h o w n  i n  T a b l e  L X X ! 5 a n d  r e v e a l s  t h a t  t h e r e  w e r e
NO S I G N I F I C A N T  DIFFERENCES AMONG THE VARIOUS TREATMENTS INVOLVED IN 
T H I S  STUDY.
T h e  A L K A L IN E  PHOSPHATASE A C T I V I T Y  REMAINED R E L A T IV E L Y  CONSTANT
IN  ALL GROUPS.
TABLE L X X i !
An a l y s i s  o f  V a r i a n c e  o f  F e e d  Co n v e r s i o n s  o n  Ch i c k s ,  F r om  No n - S u p p l e m e n t e d  
D a m s ,  F e d  P u r i f i e d  D i e t  W i t h  P h o s p h o r u s  Su p p l e m e n t a t i o n
- s.
S o u r c e
De g r e e s  o f  Me a n
F r e e d o m  S q u a r e
F
V a l u e
T o t a l 1 9
B e t w e e n  P h o s p h o r u s  L e v e l s 2 3 . 5 0 1 . 1 8
Er r o r 15 1 9 . 8 7
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i l l .  P r a c t i c a l  R a t i o n  S t u d i e s  iiV it h  V a n t r e s s - W h i t e  P l y m o u t h  R o o k  
C h ICK8
I n t h i s  t r i a l  c o m m e r c i a l  b r o i l e r  c h i c k s  w e r e  f e d  a p r a c t i c a l
BROILER RATION SUPPLEMENTED WITH THE VARIOUS LEVELS OF PHOSPHORUS.
TWO HUNDRED CHICKS WERE GROWN IN 2 0  GROUPS OF 1 0  CHICKS EACH IN T H IS  
STUDY. THE G A IN S ,  FEED CONVERSIONS, AND ALKALINE PHOSPHATASE A C T I V I ­
T IE S  OF KIDNEY TISSUES OBTAINED ARE PRESENTED IN TABLE L X X I  I I .
AN ANALYSIS OF VARIANCE ON THE RATES OF GAIN IS PRESENTED IN
T a b l e  L X X I V  a nd  s h o w s  t h a t  no  s i g n i f i c a n t  d i f f e r e n c e s  i n  g a i n  w e r e
ATTRIBUTABLE TO THE PHOSPHORUS SUPPLEMENTATION,
T A B L E  L X X i  i I
Ga i n ,  F e e d  Co n v e r s i o n s ,  a n d  Al k a l i n e  P h o s p h a t a s e  Ac t i v i t y  on
V ANTRESS—IVh I TE PLYMOUTH ROCK CHICKS f  ED A PRACTICAL 
R a t i o n  W i t h  P h o s p h o r u s  Su p p l e m e n t a t i o n
Ad d e d
P h o s p h o r u s
( p p m )
G a i n
(Gr a m s )
F e e d
Co n v e r s i o n
A L K A L 1NE 
P h o s p h a t a s e  
Ac t i v i t y *
0 305 1 . 6 9 1 1 5 . 6 7 0 3
5 0 0 3 0 0 1 . 7 1 1 1 7 . 0 7 8 1
1 0 0 0 301 1 . 6 9 1 1 4 . 6 5 1 9
1 5 0 0 305 1 . 7 2 1 2 0 . 4 0 6 5
2 0 0 0 3 0 9 1 . 7 2 1 2 2 . 2 5 5 0
^ A l k a l i n e  p h o s p h a t a s e A C T IV IT Y  IS EXPRESSED AS MILLIGRAMS p h o s p h o r u s
PER GRAM KIDNEY (WET w e i g h t ) ♦
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T h e  a n a l y s i s  of  v a r i a n c e  o f  t h e  f e e d  c o n v e r s i o n  d a t a  r e v e a l e d
THAT NO REAL DIFFERENCES EXISTED AMONG THE FEED CONVERSIONS DUE TO 
THE PHOSPHORUS SUPPLEMENTATIONS (TABLE LXXV) .
T h e  ALKALINE PHOSPHATASE AC TIV IT Y  LEVELS REMAINED RELATIVELY  
CONSTANT WHEN VARIOUS LEVELS OF PHOSPHORUS WERE ADDED TO THE RATION.
T h r o u g h o u t  t h i s  e n t i r e  s t u d y  i t  was  n o t e d  t h a t  a d d i t i o n a l  p h o s p h o r u s
D ID  NOT APPEAR TO HAVE AS MUCH EFFECT ON THE ALKALINE PHOSPHATASE 
A C T IV IT Y  LEVELS AS WAS THE CASE WITH SULFATE SULFUR, COPPER, MOLYB­
DENUM, AND TUNGSTEN.
TABLE LXXIV
An a l y s i s  o f  V a r i a n c e  o n  Ga i n  F rom V a n t r e s s -K/h i  t e  P l y m o u t h  Ro c k  Ch i c k s  
F ed  A P r a c t i c a l  Br o i l e r  Ra t i o n  7/ i t h  P h o s p h o r u s  Su p p l e m e n t a t i o n
De g r e e s  of  Me a n  F
So u r c e  F r e e d o m  S q u a r e  V a l u e
T o t a l  199
Be t w e e n  P h o s p h o r u s  L e v e l s  4  794  1 . 5 8
Er r o r  195  504
TABLE LXXV
An a l y s i s  o f  V a r i a n c e  on F e e d  Co n v e r s i o n s  F rom V a n t r e s s —i ?H it e  P l y m o u t h
Ro ck  Ch i c k s  F e d  A P r a c t i c a l  Br o i l e r  R a t i o n  W i t h  P h o s p h o r u s  Ad d i t i o n
D e g r e e s  of Mean F
So u r c e  Fr e e d o m  S q u a r e  V a l u e
T o t a l  1 9  -
Be t w e e n  Ph o s p h o r u s  L e v e l s  4  8 2 . 5 0  0 . 8 7
Er r o r  15  9 4 . 6 7
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SUMMARY
T h e  a d d i t i o n s  o f  t h e  v a r i o u s  l e v e l s  o f  p h o s p h o r u s  t o  t h e  p u r i f i e d  
D IE T  AND THE PRACTICAL BROILER RATION RESULTED IN NO APPARENT EFFECTS 
ON THE G A I N S ,  FEED CONVERSIONS, OR ALKALINE PHOSPHATASE A C T I V I T I E S .
Ap p a r e n t l y  t h e  p h o s p h o r u s  c o n t e n t  of t h e  two  b a s a l  r a t i o n s  w a s  s u f f i ­
c i e n t  FOR OPTIMUM PERFORMANCE AND THE REQUIREMENT FOR T O X I C I T Y  IS H IG H .
K i d n e y  a l k a l i n e  p h o s p h a t a s e  was  n o t  a f f e c t e d  b y  t h e  i n c r e a s e d  p h o s ­
p h o r u s  i n t a k e s  o f  t h e s e  c h i c k s .
I t  wa s  c o n c l u d e d  t h a t  p h o s p h o r u s  wa s  mo t  a l i m i t i n g  f a c t o r  i n
THE RATIONS USED IN THESE STUDIES WITH THE OTHER MINERAL ELEMENTS.
1 4 4
H .  P o t a s s t  um S u p p l e m e n t a t  i o n  o r  Ch i c k  D i e t s
S i n c e  t h e  a d d i t i o n s  o f  m o l y b d e n u m ,  t u n g s t e n ,  a n d  s u l f u r  w e r e  i n
THE FORM OF SODIUM S A L T S ,  IT  APPEARED DESIR ABLE TO STUDY THE EFFECTS 
OF A POTASSIUM SALT IN THESE R A T IO N S .  POTASSIUM WAS ADDED AS POTASSIUM 
CHLORIDE AT LEVELS OF 0 ,  2 5 0 ,  5 0 0 ,  7 5 0 ,  AND 1 0 0 0  PPM.
T h e  b a s a l  r a t i o n s  u s e d  i n  t h i s  s t u d y  w e r e  t h e  s a m e  as  u s e d  i n
THE PHOSPHORUS STUDY,  THAT I S ,  THE P U R I F I E D  RATION PLUS 1 0  PPM MOLYB­
DENUM, ONE PPM TUNGSTEN, 3 0  PPM COPPER, AND 1 0 0 0  PPM SULFATE SULFUR.
T h e  p r a c t i c a l  b r o i l e r  r a t i o n  c o n t a i n e d  t h e  s a m e  l e v e l s  o f  s u p p l e m e n t a ­
t i o n  EXCEPT THAT COPPER WAS ADDED AT THE LEVEL OF 4 0  PPM.
T h e  v a r i o u s  t r i a l s  i n v o l v e d  i n  t h i s  s t u d y  w e r e  o f  2 0 - d a y  d u r a t i o n . 
I n d i v i d u a l  c h i c k  g a i n  a n d  f e e d  c o n v e r s i o n s  w e r e  o b t a i n e d  f r o m  e a c h  l o t .  
Al k a l i n e  p h o s p h a t a s e  a c t i v i t i e s  o f  k i d n e y  t i s s u e s  w e r e  d e t e r m i n e d  o n
CHICKS FROM EACH GROUP AT THE END OF THE EXPERIMENTAL P E R IO D .
I • P u r i f  i e d  R a t  i o n  S t u d i  e s  .71 t h  Ch i c k s  F r o m  T u n g s t e n  S u p p l e m e n t e d  
Dams
T he  c h i c k s  u s e d  i n  t h i s  p o r t i o n  o f  t h e  s t u d y  w e r e  f r o m  d a m s  t h a t
HAD REC EIVED A BREEDER RATION SUPPLEMENTED WITH 5 0 0  PPM TUNGSTEN.
T h i s  s t u d y  i n v o l v e d  o n e  t r i a l  c o n s i s t i n g  o f  2 0 0  c h i c k s .  T h e  g a i n s ,
FEED CONVERSIONS,  AND KIDNEY AL KA L IN E  PHOSPHATASE A C T I V I T I E S  ARE 
PRESENTED IN TABLE L X X V I.
An ANALYSIS OF VARIANCE WAS MADE ON THE RATE OF G A IN  OF CHICKS 
IN THESE T R I A L S  AND IS PRESENTED IN TABLE LXXV I ! . T.H ! S REVEALED THAT 
POTASSIUM HAD NO EFFECT WHEN ADDED TO THE P U R I F I E D  CHICK D I E T .
T h e  S T A T I S T I C A L  ANALYSIS  OF THE FEED CONVERSIONS REVEALED THAT 
THE A D D IT IO N  OF POTASSIUM TO THE P U R I F I E D  D I E T  WAS WITHOUT EFFEC T.
T h e  r e s u l t s  o f  t h i s  a n a l y s i s  i s  p r e s e n t e d  i n  T a b l e  LXXV11 I .
1 4 5
TABLE LXXV!
R e s u l t s  o f  Ga i n ,  F e e d  Co n v e r s i o n s , a n d  Al k a l i n e  P h o s p h a t a s e  Ac t i v i t i e s  
o n  Ch i c k s ,  F r o m  T u m g s t a t e  D a m s ,  F e d  A P u r i f i e d  R a t i o n  Wi t h  V a r i o u s
L e v e l s  o f  Po t a s s i u m
Ad d e d  
Po t a s s i u m  
( p p m )
G a i n
(Gr a m s )
F e e d
Co NVERSION
ALKA LINE  
P h o s p h a t a s e  
Ac t i v i t y *
0 259 1.49 54.7076
250 261 1.50 57.9824
500 264 1.50 60.8084
750 259 1.50 57.8343
1000 252 1.50 62.7739
Al k a l i n e  p h o s p h a t a s e IS EXPRESSED AS MILLIGR AMS p h o s p h o r u s  p e r
GRAM KIDNEY TISSUE ( w e t  w e i g h t ) .
TABLE LXXVI! 
A n a l y s i s  o f  V a r i a n c e  o n  G a i n  o f  C h i c k s ,  F ro m  
Dam s,  F e d  A P u r i f i e d  R a t i o n  W i t h  P o t a s s i u m
T u m g s t a t e  S u p p l e m e n t e d  
S u p p l e m e n t a t  i o n
De g r e e s  o f Me a n F
S o u r c e F r e e d o m S q u a r e V a l u e
To t a l 199
B e t w e e n  P o t a s s i u m  L e v e l s 4 794 1.58
Er r o r 195 504
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TABLE LXXVI 11
An a l y s i s  o f  V a r i a n c e  o n  F e e d  Co n v e r s i o n s  o f  Ch i c k s ,  F rom  T u m g s t a t e  
S u p p l e m e n t e d  D a m s ,  F e d  A P u r i f i e d  R a t i o n  Wi t h  Po t a s s i u m  S u p p l e m e n t a t i o n
De g r e e s  o f  Me a n  F
S o u r c e  F r e e d o m  S q u a r e  V a l u e
T o t a l
Be t w e e n  Po t a s s i u m  L e v e l s  
Err or
T h e  a l k a l i n e  p h o s p h a t a s e  v a l u e s  w ere  q u i t e  v a r i a b l e  i n  t h i s
T RIAL  AND D I D  NOT DEMONSTRATE AMY CONSTANT TRENDS.
i S» P u r  i f i e d  R a t  i o n  S t u d i e s  W i t h  Ch ic k s  F ro m  N qn -S upp  l e m e n t e d  
Dams
T h e  c h i c k s  u s e d  i n  t h i s  t r i a l  w e r e  f r o m  t h e  n o n - s u p p l e m e n t e d  
W h i t e  P l y m o u t k  R o c k  d a m s .  The  s a s a l  r a t i o n  u s e d  vsjas t h e  same as 
REPORTED IN THE PREVIOUS SECTION.  ONE TR IAL  INVOLVING 2 0 0  CHICKS WAS 
CONDUCTED. THE GA IN S,  FEED CONVERSIONS, AND ALKALINE PHOSPHATASE 
DETERMINATIONS OBTAINED IN THIS STUDY ARE SHOWN IN TABLE LXXIX.
An ANALYSIS OF VARIANCE WAS MADE ON THE RATE OF GAIN AND IS 
PRESENTED IN TABLE LXXX. T H IS  ANALYSIS SHOWED THAT THE ADD!TON OF 
THE VARIOUS LEVELS OF POTASSIUM HAD NO EFFECT ON THE RATE OF GA INS.
T h i s  i s  i n  a g r e e m e n t  w i t h  t h e  f i n d i n g s  o f  t h e  s t u d y  r e p o r t e d  i n  t h e
PREVIOUS SECTION.
An ANALYSIS OF VARIANCE OF THE FEED CONVERSIONS IS SHOWN IN 
T a b l e  LXXXI. I t was r e v e a l e d  t h a t  t h e  a d d i t i o n  o f  t h e  v a r i o u s
19




G a 8n j  F e e d  C o n v e r s i o n s ,  a n d  A l k a l i n e  P h o s p h a t a s e  A c t i v i t i e s  o f  C h i c k s ,  
F r o m  N o n - S u p p l e m e n t e d  Dam s,  F e d  A P u r i f i e d  D i e t  W i t h  P o t a s s i u m  A d d i t i o n s
Ad d e d  
P o t a s s i u m  
( p p m )
G a I N 
(Gr a m s )
F e e d  
Co n v e r s i o n
ALKA L IN E  
P h o s p h a t a s e  
Ac t i v i t y *
0 260 1.49 66.5931
250 255 1.49 67.4057
500 263 1.46 66,6801
750 262 1.47 61.5489
1000 266 1.53 58.2739
*  A l k a l i n e  p h o s p h a t a s e  a c t i v i t y  e x p r e s s e d
PER GRAM KIDNEY TISSUE (iSET WEIGHT)
IN MILLIGR AMS PHOSPHORUS
TABLE LXXX
A n a l y s i s  of V a r i a n c e o n  G a i n  o f  Ch i c k s ,  F rom  No m - S u p p l e m e n t e d D a m s ,
F e d  A P u r  i f i e d D i e t  Wi t h  P o t a s s i u m  S u p p l e m e n t a t i o n s
D e g r e e s  o f  Me a n F
S o u r c e F r e e d o m  S q u a r e V a l u e
T o t a l  199
B e t w e e n  P o t a s s i u m  L e v e l s  4 449 0.80
E r r o r  195 567
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TABLE LXXXi
A n a l y s i s  o f  V a r i a n c e  o n  F e e d  C o n v e r s i o n s  o f  C h i c k s ,  F r o m  
N o n - S u p p l e m e n t e d  D a m s ,  F e d  P u r i f i e d  D i e t  W i t h  P o t a s s i u m  S u p p l e m e n t a t i o n
D e g r e e s  o f  Me a n  F
S o u r c e  F r e e d o m  S q u a r e  V a l u e
T o t a l
B e t w e e n  P o t a s s i u m  L e v e l s  
E r r o r
L E V E L S  OF P O T A S S I U M  HAD NO B E N E F I C I A L  E F F E C T S  ON THE F E E D  C O N V E R S I O N .
T h i s  f i n d i n g  a l s o  c o n c u r s  w i t h  t h o s e  r e p o r t e d  i n  t h e  p r e v i o u s  s e c t i o n .  
T h e  a l k a l i n e  p h o s p h a t a s e  a c t i v i t i e s  f r o m  t h e s e  c h i c k s  w e r e
I N T E R E S T I N G .  T H E  A D D I T I O N  OF 750 AND 1000 PPM  P O T A S S I U M  R E S U L T E D  I N  
C H I C K S  WHOSE K I D N E Y  A L K A L I N E  P H O S P H A T A S E  WAS L E S S  THAN  T HO S E  OF THE  
B A SA L  R A T I O N .  T H I S  I S  T H E  F I R S T  O B S E R V A T I O N  OF T H I S  NA TU RE  W I T H  ANY 
OF TH E M I N E R A L  E L E M E N T S  S T U D I E D .
i t ! .  P r a c t i c a l  R a t  i o n  S t u d i e s  W i t h  V a n t r e s s - W h i t e  P l y m o u t h  R o c k  
C h i CKS
T h e  b a s a l  r a t i o n  u s e d  i n  t h i s  s t u d y  w a s  t h e  c o r n - s o y b e a n  m e a l  
R A T I O N .  Two S E P A R A T E  T R I A L S  I N V O L V I N G  100 C H I C K S  EACH WERE US ED  TO 
T E S T  THE E F F E C T  OF S U P P L E M E N T A L  P O T A S S I U M .  T h E  G A I N ,  F E E D  CO NVE R­
S I O N S ,  AND K I D N E Y  A L K A L I N E  P H O S P H A T A S E  A C T I V I T I E S  WERE O B T A I N E D  AND  
ARE P R E S E N T E D  I N  T A B L E  LXXXI I .
An  A N A L Y S I S  OF V A R I A N C E  OF THE R A T E  OF G A I N  OF THE V A R I O U S  GROUPS  
I N D I C A T E D  NO S I G N I F I C A N T  D I F F E R E N C E S  AMONG TH E L E V E L S  OF P O T A S S I U M  F E D  
I N  T H E S E  T R I A L S .  T H E  R E S U L T S  OF T H I S  A N A L Y S I S  I S  P R E S E N T E D  I N  T A B L E





R e s u l t s  O b t a i n e d  F r o m  V a m t r e s s - C r o s s  C h i c k s  F e d  P r a c t i c a l  Br o i l e r
R a t i o n  W i t h  P o t a s s i u m  S u p p l e m e n t a t i o n
A d d e d
P o t a s s i u m
( p p m )
G a i n
( G r a m s )
F e e d  
C o n v e r s i o n
A l k a l i n e  
P h o s p h a t a s e  
A c t i V I T Y «
0 2 9 7 1 . 7 0 9 8 . 5 7 8 7
2 5 0 2 9 8 1 . 7 4 1 0 3 . 5 5 6 9
5 0 0 2 9 0 1 . 7 3 1 1 8 . 5 7 9 6
7 5 0 2 9 6 1 . 6 9 1 1 0 . 9 4 2 1
1000 2 9 0 1 . 7 3 1 1 9 . 8 3 3 0
^ A l k a l i n e  p h o s p h a t a s e  a c t i v i t y  i s  e x p r e s s e d  a s  m i l l i g r a m s  p h o s p h o r u s
PER GRAM K I D N E Y  T I S S U E  (WET W E I G H T ) .
An a l y s i s  o f  V a r i a n c e  on 
R a t i o n  Wi t h
TABLE LXXXII 
G a i n  o f  V a n t r e s s -  
V a r i o u s  P o t a s s i u m
I
-C r o s s  Ch i c k s  F e d  P r a c t  
S u PPLEMEMTATIONS
I CAL
De g r e e s  of M e a n F
So u r c e F r e e d o m S q u a r e V a l u e
T o t a l 1 9 9 - -
B e t w e e n  Po t a s s i u m  L e v e l s 4 3 7 6 . 2 0 . 4 4
E r r o r 195 8 6 4 .O -
1 5 0
TABLE LXXXIV
A n a l y s i s  o f  V a r i a n c e  o n  F e e d  C o n v e r s i o n s  o f  V a n t r e s s - C r o s s  C h i c k s  F e d
P r a c t i c a l  Br o i l e r  R a t i o n  W i t h  P o t a s s i u m  S u p p l e m e n t a t i o n
S o u r c e
De g r e e s  o f  
F r e e d o m
Me a n
S q u a r e
F
V a l u e
T o t a l 19 - -
Be t w e e n  Po t a s s i u m  L e v e l s 4 1 5 . 8 0 0 .4 6
Er r o r 15 3 4 . 2 7 -
A s t a t i s t i c a l  a n a l y s i s  m a d e  o n  t h e  f e e d  c o n v e r s i o n  d a t a  ( T a b l e  
LXXXIV) r e v e a l e d  no  r e a l  d i f f e r e n c e s  i n  f e e d  c o n v e r s i o n s  among a n y
o r  THE GROUPS IN  THESE T R I A L S .
T h e  a l k a l i n e  p i -i o s p h a t a s e  a c t i v i t i e s  a g a i n  w e r e  a p o i n t  o f  i n t e r e s t . 
T h e r e  w e r e  n o  c o n s i s t a n t  t r e n d s  a p p a r e n t  w h e n  t h e s e  v a l u e s  w e r e  c o m ­
p a r e d  TO THE L E V E L S  OF P O T A S S ) J M  S U P P L E M E N T A T I O N .  T l l l S  WAS SOMEWHAT  
S U R P R I S I N G  S I N C E  THE C H IC K S  FROM THE HENS FE D THE N O N - S U P P L E M E N T E D  
BREEDER R A T I O N  TENDED TO HAVE LOWER K I D N E Y  A L K A L I N E  PHOSPHATASE  
A C T I V I T I E S  WHEN FED THE 7 5 0  AND 1 0 0 0  PPM L E V E L S  OF P O T A S S I U M .
S u m m a r y
T h e  S U P P L E M E N T A T I O N  OF THE BASAL R A T I O N S  W IT H  P O T A S S I U M  DSD NOT 
IN F L U E N C E  THE G A I N  OR F EED  C O N V E R S I O N .  THE K I D N E Y  A L K A L I N E  PHO SPH A­
TASE VALUES WERE SOMEWHAT V A R I A B L E  AND D I D  NOT FOLLOW ANY C O N S I S T A N T  
T R E N D S .  THE A C T I V I T I E S  OF THE C H I C K S ,  FROM UN SU PPL EM ENT ED BREEDER  
HENSj,  WERE LOWER I N  THE CASE OF 7 5 0  AND 1 0 0 0  PPM OF P O T A S S I U M  A D D I ­
T I O N S .  T h i s  i s  t h e  f i r s t  t i m e  i n  a n y  o f  t h e  s t u d i e s  i n  w h i c h  t h e
I N C R E A S E D  M I N E R A L  A D D I T I O N S  DECREASED THE A L K A L I N E  PHOSPHA TAS E V A L U E S .
T h i s  d e c r e a s e  i n  e n z y m e  v a l u e s  w a s  n o t  o b s e r v e d  i n  c h i c k s ,  f r o m
T U N G S T A T E  S U P P L E M E N T E D  D A M S ,  OR THE C O M M ER C IA L  B R O I L E R S  F E D  THE  
P R A C T I C A L  R A T I O N .  ! t  WOULD APPEAR THAT P O T A S S I U M  WAS MOT A L I M I T I N G  
F AC T O R I N  R A T I O N S  USED  I N  THESE S T U D I E S  S I N C E  T HER E WAS NO E F F E C T  ON 
G A I N S ,  F E E D  C O N V E R S I O N S ,  OR A L K A L I N E  P H O S P H A T A S E  A C T I V I T I E S .
SUMMARY
T h e  r e s u l t s  o f  t h r e e - w e e k  c h i c k  g r o w t h  t r i a l s  i n v o l v i n g  s e v e r a l
M I N E R A L  ELE ME NTS  ARE R E P O R T E D .  S i  MCE TUNGSTEN HAD BEEN REPOR TE D TO BE 
A M E T A B O L IC  A N TA G O NI S T  TO MOLYBDENUM AND S I  MCE MOLYBDENUM WAS TO BE 
THOROUGHLY I N V E S T I G A T E D ,  TUNGSTEN WAS FED IN  THE R A T I O N  OF BREEDER  
HENS FOR SOME OF THE C H I C K S  USED I N  T H I S  S T U D Y .  Vi/H I TE PL YMOUTH ROCK  
C H I C K S ,  FROM T U N G S T A T E - S U P P L E M E N T E D  AND N O N - S U P P L E M E N T E D  DAMS,  WERE 
FED A BASAL P U R I F I E D  D I E T  AND V A N T R E S S - W H I T E  PLYMOUTH ROCK CROSSBRED  
C H IC K S  WERE F E D  A BASAL P R A C T I C A L  CORN -SOY BE AN MEAL R A T I O N .  TH ES E  
C H IC K S  AND BASAL R A T I O N S  WERE USED TO TE ST  THE E F F E C T S  ON GROWTH,
F EED  C O N V E R S I O N S ,  AND C E R T A I N  ENZYME L E V E L S ,  OF S I X  M I N E R A L  E L E M E N T S .
T h e  e l e m e n t s  i n v o l v e d  i n  t h e s e  s t u d i e s  w e r e  m o l y b d e n u m , t u n g s t e n ,
COP PE R,  S U L F U R ,  PH O SPH O RU S,  AND F -O T A S S I U M .
S h o r t  t e r m  e x p e r i m e n t a l  s t u d i e s  (24 , 43, and 72 h o u r s )  w e r e  m a de
W IT H  D E U T E C T O M I Z E D  C H IC K S  AMD C H IC K S  ON W HIC H THERE HAD BEEN NO 
O P E R A T I O N ,  IN WHICH _A£ L I B l T U M  AMD FORCED F E E D I N G  WAS U S E D .  l l  WAS 
FOUND THAT THE D E U T E C T O M I Z E D  C H IC K S  GREW AT A S I G N I F I C A N T L Y  SLOWER 
RA TE THAN THE CONTROL C H IC K S  REGARDLESS OF THE METHOD OF F E E D I N G .  IT 
WAS F E L T  T HAT  T H I S  TYPE C H I C K  E X P E R I M E N T S  WERE NOT ADEQUATE FOR 
MOLYBDENUM ASSAY WORK.
T h e  A D D I T I O N  OF 500 PPM TUNGSTEN TO THE D I E T  OF BREEDER HENS  
R E S U L T E D  I N  A DEC REASED X A N T H I N E  DEHYDROGENASE A C T I V I T Y  I N  THE L I V E R ,  
K I D N E Y ,  AND I N T E S T I N A L  T I S S U E S  OF THE HENS ALTHOUGH NO E F F E C T  WAS
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O B S E R V E D  UPON THE A D D I T I O N  OF 2 5 0  PPM T U N G S T E N .  T U N G S T E N  AT E I T H E R  
L E V E L  D I D  NOT APPEAR TO HAVE AN E F F E C T  ON TH E RA TE O f  EGG P R O D U C T I O N  
OR TH E PER CENT H A T C H A B I L I  TV OF THE EGGS FROM T H E S E  H E N S .  D A Y - O L D  
C H I C K S  FROM TH E S E  S U P P L E M E N T E D  DAMS WERE FOUND TO HAVE MORE X A N T H I N E  
D EH YDR O G ENA SE I N  L I V E R  AND I N T E S T I N A L  T I S S U E S  THAN D I D  C H I C K S  FROM THE  
N O N - T U N G S T A T E  S U P P L E M E N T E D  D A M S .  T H I S  DOES NOT AGREE W I T H  VJORK R E P O R T E D
b y  H i g g i n s  a n d  a s s o c i a t e s  ( 1 9 5 6 )  i n  w o r k  w i t h  r a t s .  I t  w a s  r e p o r t e d
TH A T  T U N G S T E N  A D D I T I O N S  LOWERED THE X A N T H I N E  O X I D A S E  A C T I V I T Y  I N  L I V E R  
T I S S U E S .  I t SHOU LD  BE P O I N T E D  OUT T HAT  THERE E X I S T S  THE P O S S I B I L I T Y  OF 
A D I F F E R E N C E  I N  X A N T H I N E  O X I D A S E  I N  RATS AND X A N T H I N E  DEH YDR OG ENA SE IN
C H I C K S .  D u e  t o  t h e  l a r g e  a m o u n t  o f  v a r i a t i o n  n o  s i g n i f i c a n t  d i f f e r e n c e s
WERE FOUND I N  X A N T H I N E  DEH YDR OG ENA SE AT THE END OF A F O U R - W E E K  GROWTH 
P E R I O D  EVEN WHEN THE C H I C K S  WERE F E D  A T U N G S T A T E - S U P P L E M E N T E D  R A T I O N .
T h e r e  w a s  a c a r r y - o v e r  o f  t u n g s t e n  f r o m  d a m s  t o  c h i c k s ,  a s  t h e
E L E M E N T  WAS FOU ND I N  H I G H  C O N C E N T R A T I O N S  I N  K I D N E Y  T I S S U E S  OF C H I C K S  
FROM T U N G S T A T E - S U P P L E M E N T E D  D A M S .  T H I S  C O N D I T I O N  R E S U L T E D  I N  S I G N I F ­
I C A N T  GROWTH D E P R E S S I O N S  FOR AT L E A S T  FOUR W E E K S .  T H I S  C O N D I T I O N  WAS 
NOT ON LY OVERCOME BUT S I G N I F I C A N T  G A I N  I N C R E A S E S  WERE O B T A I N E D ,  COM­
P A R E D  TO C H I C K S  FROM N O N - S U P P L E M E N T E D  D A M S ,  WHEN MOLYBDENUM WAS ADDED  
TO THE R A T I O N S .  T H I S  WAS FOU ND BOTH I N  P U R I F I E D  AND P R A C T I C A L  R A T I O N  
S T U D I E S ,  W H I C H  SU G G E S T E D  A S Y N E R G I S T I C  E F F E C T  BETWEEN MOLYBDENUM AND 
TU NG S TE N I N  TH E R A T I O N S  OF G R O U T I N G  C H I C K S .
B e s t  r e s u l t s  f r o m  m o l y b d e n u m ,  a l o n e  o r  i n  c o m b i n a t i o n  w i t h  t u n g ' ~
S T E N ,  WERE RECORDED WHEN ADDED AT THE L E V E L  OF 1 0  P P M .  T H I S  I S  AT 
C O N S I D E R A B L Y  H I G H E R  L E V E L S  THAN THOSE R E P O R T E D  ( K U R N I C K  ET AL 1 9 5 7 ,
R e i d  e t  a l  1 9 5 6 a ,  1 9 5 6 b ,  1 9 5 7 )  i n  w h i c h  m a x i m a l  r e s p o n s e s  w e r e  o b t a i n e d
AT L E V E L S  OF L E S S  THAN ONE P P M .  T H E  L E V E L  AT W H I C H  MOLYBDENUM CAUSED  
D E P R E S S I O N S  I N  G A I N  AND F E E D  C O N V E R S IO N  V A R I E D  FROM 5 0 0  PPM I N  C H I C K S
FROM TUMGSTATE SUP PL EM EN T ED  DAMS TO 1000 PPM I N  THE D I E T S  OF C H I C K S  
FROM NON—SUPPL EM ENT ED DA MS.
T u n g s t e n ,  w h e n  a d d e d  a t  l e v e l s  o f  o n e  o r  1 0  p p m  t o  t h e  r a t i o n s ,
HAD NO B E N E F I C I A L  E F F E C T S  WHEN ADDED ALONE,  BUT WHEN THERE WAS A 
R A T I O  OF M O LY BD ENU M :TU NG STE N OF 1 : 1  OR 1 0 : 1 ,  S I G N I F I C A N T  IN C R E A S E S  IN  
G A I N  AND F EE D C O NV ER SI O N WERE OBSER VE D EVEN I N  C H IC K S  IN  WHICH THE  
S I N G L E  A D D I T I O N  OF MOLYBDENUM HAD R E S U L T E D  I N  AN IN CR EA SE  I N  G A I N .
IN R A T I O N S  C O N T A I N I N G  SU PPL EM EN TA L L EV EL S OF 10 PPM MOLYBDENUM AND 
ONE PPM T U N G S T E N ,  COPPER WAS FOUND TO S I G N I F I C A N T L Y  IMPROVE THE R A T I O N S .
B e s t  r e s u l t s  w e r e  o b t a i n e d  w h e n  c o p p e r  w a s  a d d e d  a t  3 0  p p m  a n d  4.0 p p m
FOR THE P U R I F I E D  D I E T  AND THE P R A C T I C A L  B R O I L E R  R A T I O N ,  R E S P E C T I V E L Y .
T o t a l  c o p p e r  c o n t e n t s  w e r e  5 5 . 9  ( p u r i f i e d  d i e t ) a n d  5 0 . 8  i n  t h e  c a s e  
o f  THE PRACTI 'CAL B R O I L E R  R A T I O N .  THE SU PPL EM EN TA L COPPER CAUSED  
I N C R EA SE S I N  G A I N  REGARDLESS OF THE DAM T R E A T M E N T ,  ALTHOUGH GREATER  
G A I N S  WERE FOUND I N  THE CASE OF C H IC K S  FROM TUNGSTATE FE D DAMS.  T h l S  
FA CT SUGGESTED THAT COPPER M I G H T  HAVE OVERCOME A TUNGSTATE T O X I C I T Y  IN  
THESE C H I C K S  DUE TO THE CARRYOVER OF TUNGSTEN FROM THE BREEDER H E N S .
A n o t h e r  p o s s i b i l i t y  e x i s t s  a n d  t h i s  i s  t h a t  c o p p e r  m a y  b e  a c t i n g
S Y N E R G I S T  I C A L L Y  WI T H E I T H E R  MOLYBDENUM OR T U N G S T E N .
T h e  ADDITION OF 1 0 0 0  AND 2 0 0 0  PPM INORGANIC SULFUR TO A P U R IF IE D  
D IET  TO WHICH HAD BEEN ADDED 10 PPM MOL-YBDENUM, ONE PPM TUNGSTEN, AND 
3 0  PPM COPPER RESULTED IN A S I G N IF IC A N T  INCR EAS E I N  RATES OF GAIN FOR 
CHICKS REGARDLESS OF WHETHER THE DAMS RECIEVED TUNGSTATE SUPPLEMEN­
TAT IONS .  T h e  ADDITION OF 1 0 0 0  PPM INORGANIC SULFUR TO THE PRACTICAL 
RATION RESULTED IN A S I G N IF IC A N T  INCREASE IN G A I N .  T h I S WAS OF 
INTEREST AS THE RATIONS ALREADY CONTAINED 11,64 -9  AND 4 - , 635  PPM SULFUR 
FOR THE P U R IF IE D  AND THE PRACTICAL RATION,  RESPECTIVELY.  EVIDENCE
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FROM T H IS  STUDY SUPPORTS THE PROPOSAL (GORDON E J  AL 1 9 5 4 ,  MACHLIN 1 9 5 5 )  
THAT CHICKS MAY HAVE A REQUIREMENT FOR INORGANIC SULFATE PER S E .
NO B E N E F I C I A L  EFFECTS WERE FOUND FROM THE ADDIT IO N OF PHOSPHORUS 
OR POTASSIUM TO THE RATIONS USED IN T H IS  STUDY.  BOTH PHOSPHORUS 
AND POTASSIUM WERE TESTED IN THE P U R I F I E D  RATION (CO NTAIN IN G SUPPLE­
MENTAL ADD ITION S OF 1 0  PPM MOLYBDENUM, ONE PPM TUNGSTEN, 3 0  PPM COPPER, 
AND 1 0 0 0  PPM INORGANIC SULFUR) AND IN THE PRACTIC AL  BROILER RATION 
WHICH CONTAINED THE SAME SUPPLEMENTAL LEVELS OF THE ELEMENTS AS ABOVE 
EXCEPT THAT COPPER WAS ADDED AT 4 0  PPM. PHOSPHORUS OR POTASSIUM D ID  
NOT APPEAR TO BE L I M I T I N G  FACTORS IN THE RATIONS USED IN THESE S T U D IE S .
Ur i c  a c i d  s y n t h e s i s  was  d e t e r m i n e d  f r o m  l i v e r  a n d  k i d n e y  t i s s u e
HOMOGENATES IN TWO S T U D IE S .  T he  RATE OF URIC ACID SYNTHESIS D I D  NOT 
APPEAR TO BE CORRELATED TO ANY OF THE C R I T E R I A  OBTAINED IN EITHER OF 
THE STUDIES OR TO THE LEVELS OF MOLYBDENUM OR TUNGSTEN SUPPLEMENTA­
T I O N S .  Ur i c  a c i d  s y n t h e s i s  wa s  s t u d i e d  as  an  a l t e r n a t e  m e t h o d  o f
STUDYING XANTHINE O X I D A T I O N .
Al k a l i n e  p h o s p h a t a s e  a c t i v i t i e s  w e r e  o f  c o n s i d e r a b l e  i n t e r e s t  i n
EACH OF THE S T U D I E S .  A s  A RULE THE ENZYME A C T I V I T I E S  INCREASED 
S L IG H T L Y  WITH INCREASING LEVELS OF MINERAL SUPPLEMENTATIONS.  WHEN THE 
SUPPOSED " T O X I C  L EVELS"  WERE REACHED, GROWTH WAS DEPRESSED AND WAS 
ACCOMPANIED BY A DRAMATIC R IS E  IN A LKALINE PHOSPHATASE A C T I V I T Y .  
iXCEP TIONS WERE NOTED UPON ADDIT IONS OF SULFUR AND COPPER TO CHICKS 
HATCHED FROM TUNGSTEN SUPPLEMENTED DAMS AND FED THE P U R I F I E D  D IE T  
WHERE GROWTH DEPRESSIONS D ID  NOT OCCUR. ! t  IS BE LIEVED THAT THERE IS  
A DIREC T OR INDIRECT RELAT IO N S HIP  BETWEEN METABOLIC ST RESS(ES)  AMD THE 
AL KA L IN E  PHOSPHATASE A C T I V I T Y ,  AND WHEN TH IS  CONDITION IS  BROUGHT ABOUT
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IT  IS REFLECTED BY A R ISE  IN THE ENZYME A C T I V I T Y .  I t IS THOUGHT THAT 
THE HIGH MINERAL SUPPLEMENTATIONS PRODUCED SUCH A STRESS CONDITION  
WHICH WAS REFLECTED BY THE DRAMATIC R ISE  IN THE ALKALINE PHOSPHATASE 
A C T I V I T Y .
CONCLUSIONS
F r o m  t h e  d a t a  p r e s e n t e d  i n  t h i s  s t u d y  the  f o l l o w i n g  c o n c l u s i o n s
ARE WARRANTED,
( 1 )  T h e r e  i s  a c a r r y - o v e r  o f  t u n g s t e n  f r o m  t h e  d a m  t o  t h e  c h i c k
AND ONE OF THE PRIMARY S I T E S  OF STORAGE FOR T H I S  ELEMENT IS 
THE K ID NEY.
( 2 )  T h e r e  i s  a d e p r e s s i o n  i n  t h e  r a t e  of  g a i n  f o r  a p e r i o d  of
AT LEAST FOUR WEEKS IN THESE C H IC K S ,  PRESUMABLY DUE TO THE 
HIGH TUNGSTEN STORES.
( 3 )  Mo l y b d e n u m  a p p e a r s  t o  be  e f f e c t i v e  n o t  o n l y  i n  o v e r c o m i n g
THIS TUNGSTATE EFFECT BUT THESE ELEMENTS APPEAR TO BE 
SY NER GISTIC  IN CHICK R AT IO N S ,  ES PECIA LL Y IN CERTAIN R A T IO S .
( 4 )  C o p p e r  was  e f f e c t i v e  i n  c a u s i n g  i n c r e a s e s  i n  c h i c k  g a i n s
WHEN ADDED IN RATIONS CONTAINING .MOLYBDENUM AMD TUNGSTEN, 
REGARDLESS OF WHETHER THE DAMS RECEIVED SUPPLEMENTAL 
TUNGSTEN IN THE D I E T .
( 5 ) T h e  INCLUSION OF INORGANIC SULFATE IN RATIONS CONTAINING 
MOLYBDENUM, TUNGSTEN, AMD COPPER RESULTED IN S I G N I F I C A N T  
ST IM U LA T IO N  OF CHICK G A I N .  T h I S  SUPPORTS THE PROPOSAL THAT 
THERE IS A CHICK REQUIREMENT FOR INORGANIC SULFATE PER S E .
( 6 )  S u p p l e m e n t a l  m o l y b d e n u m ,  t u n g s t e n ,  o r  m o l y b d e n u m  p l u s
TUNGSTEN APPEARED TO HAVE NO EFFECT ON THE RATE OF URIC 
ACID SYNTH E SIS ,
1 5 7  j
1 5 8  •
( 7 )  A l k a l i n e  p h o s p h a t a s e  a c t i v i t y  a p p e a r s  t o  i n c r e a s e  d r a m a t ­
i c a l l y  DURING PERIODS OF METABOLIC STRESS.
( 8 )  El e m e n t s ,  s u c h  as  t h e  o n e s  d i s c u s s e d ,  s h o u l d  b e  s t u d i e d
COLLECTIVELY RATHER THAN I N D I V I D U A L L Y .  THERE APPEAR TO 
BE D E F I N I T E  RELAT IONSHIPS  OR INTERRELATIONSHIPS BETWEEN
THE MINERAL ELEMENTS REPORTED IN TH IS  STUDY.
( 9 )  D e l e t e r i o u s  e f f e c t s  o n  r a t e  o f  g r o y j t h  a t  h i g h  l e v e l s  o f
SUPPLEMENTATION OF MOLYBDENUM, TUNGSTEN, AND COPPER WERE 
OBSERVED IN TH IS  STUDY. T H I S  WAS ACCOMPANIED BY HIGH 
ALKALINE PHOSPHATASE A C T I V I T Y .
APPENDIX I 
A METHOD FCR THE DETERMINATION OF TRACE QUANTITIES OF MOLYBDENUM AND 
TUNGSTEN IN FEEDS, FEED INGREDIENTS, AND ANIMAL TISSUES
R o g e r  A .  T e e k e l l ,  A. B. W a t t s ,  P o u l t r y  I n d u s t r y  D e p a r t m e n t *  Hugh C. 
A u s t i n ,  J r . ,  and  F r a n c e s  L .  B o n n e r ,  F e e d  and  F e r t i l i z e r  L a b o r a t o r y ,  
L o u i s i a n a  S t a t e  U n i v e r s i t y ,  B a t o n  Rouge  L o u i s i a n a
I n an a t t e m p t  t o  s t u d y  t h e  i n t a k e  of  t h e  s o  c a l l e d  " t r a c e  
e l e m e n t s " ,  a r a p i d  m e t h o d  f o r  t h e i r  d e t e r m i n a t i o n  was  s o u g h t . S i n c e  
t h e  c o n t e n t  of  m o l y b d e n u m  and  t u n g s t e n  i s  v e r y  low i n  p o u l t r y  r a t i o n s , 
n o r m a l l y  o n l y  a f e w  p a r t s  p e r  m i l l i o n ,  c o n s i d e r a b l e  d i f f i c u l t y  was  
e n c o u n t e r e d  when m e t h o d s  p r e s e n t l y  i n  t h e  l i t e r a t u r e  w ere  u s e d .
Us i n g  m o d i f i c a t i o n  o f  s e v e r a l  m e t h o d s  ( 1 ,  2 )  a nd  s e v e r a l  
d i f f e r e n t  t e c h n i q u e s ,  i t  i s  f e l t  t h a t  t h e  m e t h o d  d e s c r i b e d  b e lo w  i s
FAIR LY RAPID AND HAS BEEN SHOWN TO GIVE EXCELLENT RESULTS.
a p pa r a tu s  and reagents
A l l  a b s o r b a n c e  m e a s u r e m e n t s  w e r e  made i n  1 . 0 0  cm. c e l l s  w i t h  a Beckman 
DU S p e c t r o p h o t o m e t e r .
Ni t r i c A c i d , c o n c e n t r a t e d ,  A.R.
P e r c h l o r i c  Ac i d , 60  -  7 0 $
40% Am m o n i u m  C i t r a t e : P r e p a r e  by  u s i n g  l e a d - f r e e  c i t r i c  a c i d  p l u s
CONCENTRATED AMMONIUM HYDROXIDE TO pH 3 .5  AND EXTRACTING WITH
d i t h i z o n e .  (U s e d  t o  p r e v e n t  p r e c i p i t a t i o n  when s o l u t i o n  i s  made 
A L K A L I N E ) .
D I  t h i o l : *  D i s s o l v e  1 . 0  g r a m  of  d i t h i o l  i n  2 0 0  m l  of n- a m y l  a c e t a t e
*  4 -METHYL-1,2-D IMERCAPTOBENZENE,  COMMONLY CALLED D I T H I O L ,  PURCHASED
f r o m  E a s t e r n  Ch e m i c a l  Co r p ,  Ne w a r k , N . J .
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( w h i c h  c o n t a i n s  Q .5%  t h i o g l y c o l l i c  a c i d ,  t o  p r e v e n t  r a p i d  l o s s  i n
COLOR IN THE TUNGSTEN D E T E R M IN A T IO N ) .  PREPARE FRESH D A I L Y .  STORE IN' 
REFRIGERATOR UNDER AN INERT ATMOSPHERE OF NITROGEN.
1  N Ammonium H y d r q x i d e
S t a n n o u s  C h l o r i d e . D i s s o l v e  20 gms o f  s t a n n o u s  c h l o r i d e  d i h y d r a t e  
IN 50 ML OF HYDROCHLORIC ACID AND D IL UTE  TO 100 ML WITH WATER. i t  
MAY BE NECESSARY TO HEAT,  MODERATELY, TO OBTAIN CLEAR SOLUTION.
T 1 7 a n i u m  S p o n g e , o b t a i n e d  f r o m  E l e c t r o  M e t a l l u r g i c a l  C o . ,  N i a g a r a  
F a l l s ,  New Y o r k .
D i t h i z o n e  R e a g e n t ; D i s s o l v e  0 .5  gm o f  c o m m e r c i a l  d i t h i z o n e  ( d i p h e m y l -  
THIC’CARBAZONe) i n  ABOUT 500 ML OF CARBON TETRACHLQRI HE. F I L T E R  INTO 
A F I V E - L I T E R  SEPARATORY FUNNEL CONTAINING 2 TO 3 L IT ER S OF 0 .0 2  N 
AMMONIUM HYDROXIDE. SHAKE WELL, EXTRACTING THE D IT H IZ O N E INTO THE 
AQUEOUS PHASE.  SEPARATE THE C C l ^  AND USE AGAIN TO DISSOLVE THE 
REMAINING D IT H IZ O N E ON THE F I L T E R  PAPER. F I L T E R  AGAIN INTO THE SAME 
SEPARATORY FUNNEL.  REPEAT T H IS  PROCESS U N TIL  L I T T L E  OR NO RESIDUE 
REMAINS ON THE F I L T E R  PAPER.  AFTER THE LAST EXTRACTION DISCARD THE
CCl ^  p h a s e .  E x t r a c t  t h e  a m m o n i c a l  s o l u t i o n  o f  d i t h i z o n e  w i t h  f r e s h
5 0  ML.  PORTIONS OF CCl ^  U N T IL  TRACES OF P I N K  NO LONGER APPEAR IN THE
C C l ^  l a y e r .  Add a b o u t  500  m l .  C C l ,  and  a c i d i f y  w i t h  H C l  w i t h  s h a k i n g
U N T I L  THE D IT H IZ O N E IS EXTRACTED FROM THE AQUEOUS PHASE INTO THE CCL^
l a y e r .  D i l u t e  t o  1 l i t e r  w i t h  C C l ^ .  S t o r e  i n  a b r o w n  g l a s s  s t o p p e r e d
BOTTLE IN A COLD DARK PLACE.  THE REAGENT SHOULD REMAIN STABLE FOR 
SEVERAL WEEKS.
PROCEDURE:
We i g h  a s a m p l e  o f  f i n e l y  g r o u n d  m i x e d  f e e d  o r  f e e d  i n g r e d i e n t s  o f
SUCH S I Z E  AS TO CONTAIN ABOUT 4 0  MICROGRAMS OF MOLYBDENUM AND/OR 
TUNGSTEN. I n  THE CASE OF ANIMAL T IS S U E ,  IT  NEED NOT BE GROUND, AS 
WHOLE CARCASSES OF YOUNG CHICKS WERE USED IN TAC T.  TRANSFER TO A 
6 0 Q -M L  TALL-FORM PYREX BEAKER .AND ADD S U F F IC IE N T  HNO3 TO DISSOLVE THE 
s a m p l e .  L e t  s t a n d  u n t i l  f o a m i n g  c e a s e s .  I n m o s t  c a s e s  i t  was f o u n d
DESIRABLE TO LET STAND O V E R -N IG HT .  ATTENTION SHOULD BE CALLED TO THE 
"FACT THAT SOME FEEDS FOAM EXCESSIVELY SHORTLY AFTER THE ADDITION OF 
HNO3 AND MUST BE STIRRED R AP ID LY  TO PREVENT LOSS FROM FOAMING OVER.
Ad d  2  or  3  p i e c e s  o f  V a p o g l a s  o r  g l a s s  b e a d s  a n d  p l a c e  on  a h o t  p l a t e
AT LOW HEAT.  CONTINUE ADDING N I T R I C  A C I D ,  AS NEEDED, UNTIL  THE MAUOR
1 6 1
P O R T I O N  OF TH E O R G A N I C  M A T T E R  HAS BEEN D E S T R O Y E D  ( S A M P L E  R E M A I N S  
C L EA R EV EN  VJHEN THE VOLUME I S  R E D U C E D  TO ALMOST D R Y N E S S ) .  WHEN  
SA M P L E  C O N T A I N S  C O N S I D E R A B L E  FA T MUCH MORE UNO I S  N EE D ED  FOR
3
DESTRUCTION.  REMOVE BEAKER FROM HOT PL AT E AND ADD 2 5 - M L .  
a n d  5 - m l . HCl O ^ .  Co n t i n u e  d i g e s t i o n  on  l o w  h e a t ,  t h e n  m e d i u m
HEAT U N T i L  S AMP L E IS JUST DRY, BUT FREE OF H C lO ^  FUMES. C O O L .
Ad d  5 - m l .  HCl ,  h e a t  g e n t l y  t o  d i s s o l v e  a s h  a n d  t r a n s f e r
Q U A N T IT A T I V E L Y  TO A 2 5 0 - M L .  SEPARATORY FUNNEL,  D I L U T E  TO APPROXI­
MATELY 5 0 - M L .  WITH D I S T I L L E D  WATER. ADDED 1 O - M L . UO% AMMONIUM 
C ITRAT E SOLUTION (pH 8 . 5 ) ,  AND ADJUST pH OF S O L U T I O N  TO 8 . 5  WITH
7 N NH^OH, u s i n g  10 -1 2  d r o p s  o f  m - c r e s o l  p u r p l e  as  a n  i n d i c a t o r .
A d d  AN EXCESS OF CONCENTRATED D IT H IZ O N E  REAGENT ( 5 0 - 6 0  M L . )  AS 
IN D IC A T ED  BY a RUSTY-ORANGE AQUEOUS PHASE AFTER SHAKING (TWO OR 
MORE AD D IT IO N S OF D IT H IZ O N E  MAY BE REQUIRED FOR T H I S ) .  DRAIN THE 
C C l ^  PHASE AND EXTRACT AQUEOUS PHASE WITH SUCCESSIVE 2 5 - M L .  PORTIONS
OF C C l ^  u n t i l  t h e  C C l ^  l a y e r  i s  c l e a r  g r e e n .
Wash t h e  a q u e o u s  l a y e r  i n t o  a 6 0 0 ~ m l  p y r e x  t a l l - f o r m  b e a k e r
WITH WATER, ADD GLASS BEADS AND 2 5 - M L .  HNO3 AND EVAPORATE ON A HOT 
PLATE U N T I L  VOLUME IS REDUCED TO ABOUT 15 - M L . ADD 1 5 - M L .  HNO^ AND
5 - m l .  HCl Q^  a n d  d i g e s t  to  d r y n e s s . Co o l  a n d  a d d  2 - m l , c o n c e n t r a t e d
AND HEAT TO FUMES. C O O L .
U s i n g  a t o t a l  v o l u m e  o f  1 5 ~ m l .  o f  HC l  (1 t o  2 ) ,  c a r e f u l l y  p u t
SAMPLE i n  SOLUTION ( T H I S  MAY REQUIRE MODERATE HEAT)  AND TRANSFER TO 
A 2 5 0 - M L .  E r L E N M E Y E R  F L A S K .  I f  NECESSARY, SAMPLE MAY 9E TRANSFERRED 
AND EXCESS VOLUME REDUCED BY EVAPORATING ON A HOT P L A T E .
MOLYBDENUM DETERM I NAT I ON:
C o o l  s a m p l e  t o  2 0 °  C .  A d d  3 - m l .  s t a n n o u s  c h l o r i d e  s o l u t i o n  a n d
1 6 2
1 0 —ML• OF D I T H I Q L  SOLUTION.  SHAKE FOR TEN M IN UTE S.  TRANSFER TO A 
SEPARATORY FUNNEL. USING 3 TO 5 - M L .  WASHINGS OF N - A M Y L  ACETATE (WHICH 
CONTAINS 0 . 5 $  T H IOGLYCOLLIC A C I D ) .  KEEP ORGANIC LAYER TO LESS THAN
2 0 - m l .  Wh e n  l a y e r s  h a v e  s e p a r a t e d ,  drayj  o f f  a c i d  l a y e r  i n t o  o r i g i n a l
FLASK AND RESERVE FOR SUBSEQUENT TUNGSTEN DETERMINATION.  WASH THE 
AMYL ACETATE LAYER WITH TWO 2 TO 3 -  ML.  PORTIONS OF HCl (1 TO 2 ) AND 
RETURN THESE WASHINGS TO THE FLASK.
T h e  a c e t a t e  l a y e r  n o w  c o n t a i n s  t h e  m o l y b d e n u m .  T h e  m o l y b d e n u m
CAN BE DETERMINED AT THIS POINT BY D I L U T I N G  TO 2 5 - M L .  V/1T H AMYL ACE­
TATE AND MEASURING THE ABSORBEMCE AT 685MU.  PREPARE A REAGENT BLANK 
BY CARRYING THROUGH ALL THE STEPS OF THE PROCEDURE AND USE AS THE 
REFERENCE SOLUTION IN THE SPECTROPHOTOMETER. OBTA IN  THE AMOUNT OF  
MOLYBDENUM BY REFERRING TO A STANDARD CURVE PREPARED BY MEASURING 
THE ABSORBENCE OF SOLUTIONS CONTAINING KNOWN AMOUNTS OF STANDARD 
SODIUM M0LY8DATE SOLUTIONS RANGING FROM 2 0  TO 2 0 0  MCG. M0L YBDENUm/25-ML .  
AMYL ACETATE.
TUNGSTEN DETERIu I NAT! ON :
Ad d  2 5 - m l .  HCl a n d  0.2. g m . t i t a n i u m  s p o n g e  t o  t h e  r e s e r v e d
SOLUTION ( A C I D  LAYER IN MOLYBDENUM DETERMINATION)  AND HEAT GENTLY 
U N T I L  THE SOLUTION HAS TURNED TO A MEDIUM PURPLE DUE TO THE PRESENCE 
OF T IT A N IU M  ( I I I ) .  ADD 1 0-WIL. D I T H I O L  SOLUTION AND HEAT 2 0  MINUTES 
IN A WATER BATH AT 8 5 ° C ,  SWIRLING THE FLASK FREQUENTLY.
T r a n s f e r  t h e  s o l u t i o n  t o  a  s e p a r a t o r y  f u n n e l  u s i n g  s m a l l  y i a s h i n g s
OF AMYL ACETATE ( W I T H  ADDED T H I OGLYCOLL I C  ACID)  AND KEEPING THE VOLUME 
OF THE ORGANIC LAYER TO LESS THAN 2 0 - M L .  DRAW OFF AND DISCARD THE 
ACID LAYER.  WASH THE ACETATE LAYER TWICE W I T H  3 TO 5 - M L .  H C l (4- TO 1 ) .  
T r a n s f e r  t h e  a m y l  a c e t a t e  l a y e r  t o  a  d r y  2 5 - m l .  v o l u m e t r i c  f l a s k ,
1 6 3
DILUTE TO VOLUME AND M I X .  MEASURE THE ABSOREENCE IMMEDIATELY AT 64.OMU, 
USING AMYL ACETATE AS A REFERENCE SOLUTION. OBTAIN THE TUNGSTEN BY 
REFERRING TO A STAND CURVE PREPARED FROM KNOWN AMOUNTS OF SODIUM 
TUNGSTATE STANDARD SOLUTIONS RANGING FROM 2 0  TO 2 0 0  MCG. TUNGSTEN/
2 5 - M L .  AMYL ACETATE.
COMMENTS:
IN CASES WHERE THE KNOWN MOLYBDENUM AND TUNGSTEN CONTENT OF 
SAMPLES IS LOW (LESS THAN 10 MCG. IN SAMPLE USED) , IT  MAY BE NECESSARY 
TO ADD SUFFIC IENT STANDARD SOLUTIONS TO ADJUST EETHER OR BOTH ELEMENTS 
TO THE PROPER LEVELS.  PRELIMINARY SAMPLES SHOULD BE RUN TO DETERMINE 
THE LEVELS OF MOLYBDENUM AND TUNGSTEN AND RECOVERIES MUST BE CHECKED
f o r  b o t h . Wh e n  s a m p l e  s i z e  i s  l a r g e  ( 2 .5 - 5 0  g m s . ) ,  o t h e r  e l e m e n t s
MAY BE PRESENT IN SUFFIC IENT QUANTITIES TO INTERFERE WITH THE RESULTS.
An a l k a l i n e  EXTRACTION WITH DITHIZONE WILL REMOVE COPPER ( w h i c h  IN OUR 
LABORATORY HAS BEEN SHOWN TO INTERFERE) ,  COBALT, LEAD, AND ZINC WHILE 
LEAVING THE MOLYBDENUM AND TUNGSTEN FREE. THE REMOVAL OF INTERFERING 
IONS BY THIS MEANS IS FAIRLY RAPID AND INSURES A RELIABLE DETERMINATION.
S u l f u r i c  a c i d  i n  l a r g e  q u a n t i t i e s  i n t e r f e r e s  w i t h  t h e  f i n a l
DETERMINATIONS AND CANNOT BE USED IN THE WET-ASHING PROCEDURE OF THE
o r i g i n a l  s a m p l e s .  C a r e  m u s t  b e  t a k e n  d u r i n g  t h e  s e c o n d  w e t  a s h i n g
( to  DESTROY THE EXCESS DITHIZONE AMD CITRATE)  TO ADD JUST ENOUGH ACID  
TO AID  IN THE REMOVAL OF THE LAST TRACES OF PERCHLORIC ACID .
I F  IT  IS DESIRABLE TO OMIT THE DETERMINATION OF MOLYBDENUM,
ADD THE STANNOUS CHLORIDE SOLUTION AND PROCEED WITH THE TUNGSTEN
D e t e r m i n a t i o n  p r o c e d u r e .  T h e  p r e s e n c e  o f  m o l y b d e n u m  w i l l  n o t  i n t e r f e r e .
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A P P E N D I X  I i
U R I C  A C I D  D E T E R M I N A T I O N S  FROM L I V E R  AND K I D N E Y
Ap p a r a t u s  a n d  R e a g e n t s :
( 1 )  Al l  a b s o r b e n c e  m e a s u r e m e n t s  w e r e  m a d e  i n  1 . 0  c m  c e l l s  w i t h  
a B e c k m a n  DU S p e c t r o p h o t o m e t e r .
( 2 )  P o t t e r  -  E l v e h u e m  t y p e  h o m o g e n i z e r .
( 3 )  Du b n o f f  M e t  a b o l  i c S h ak. i  ng I n c u b a t o r .
( A )  S t a n d a r d  u r i c  a c i d  s o l u t i o n  -  We i g h  o u t  o n  a w a t c h  g l a s s
E XA C TL Y 1 GRAM OF U R I C  A C I D  AND TR ANSFER I T  TO A L I T E R
V O L U M E T R I C  FL A SK  BY MEANS OF A MOT TOO S M A L L ,  DRY F U N N E L .
T a p  t h e  f u n n e l ,  s o  a s  t o  t r a n s f e r  n e a r l y  t h e  w h o l e  o f  t h e
URIC ACID TO THE FLASK.  TRANSFER 0 . 6  GRAM OF L IT H I U M  CAR­
BONATE TO A 2 5 0  M I L L I L I T E R  FLORENCE FLASK,  ADD 1 5 0  M I L L I ­
L IT ER S OF WATER; SHAKE ABOUT F IV E  MINUTES UNTIL  DISSOLVED.
S o m e  i n s o l u b l e  m a t e r i a l  r e m a i n s ,  a n d  i t  i s  u s u a l l y  b e s t  t o  
f i l t e r .  H e a t  t h e  s o l u t i o n  o r  f i l t r a t e  t o  6 0 °  C .  Al s o ,
WARM THE L IT E R  FLASK UNDER RUNNING WARM WATER. POUR THE 
WARM L I T H I U M  CARBONATE SOLUTION INTO THE L IT E R  FLASK,  
INCIDENTALLY WASHING INTO I T  THE TRACES OF URIC ACID WHICH 
ADHERED TO THE Y/ATCH GLASS AND FUNNEL. SHAKE SO AS TO 
DISSOLVE THE URIC ACID PROMPTLY. A L I T T L E  ADDITIONAL WARM­
ING UNDER HOT TAP WATER IS P E R M IS S IB L E .  THE L IT H I U M  CAR­
BONATE SOLUTION IS NOT ALWAYS PERFECTLY CLEAR EVEN WHEN 
F IL T E R E D ,  AND ONE SHOULD NOT MISTAKE THIS L I T T L E  TU RBID IT Y  
FOR UNDISSOLVED URIC ACID AND K E E P  WARMING AND SHAKING TOO 
LONG. I n  F IV E  MINUTES ALL OF THE URIC ACID SHOULD BE D I S ­
SOLVED. Sh a k e  t h e  f l a s k  u n d e r  c o l d  r u n n i n g  w a t e r  w i t h o u t  
UNDUE DELAY.  ADD 2 0  M I L L I L I T E R S  OF 4-0 PER CENT FORMALIN,
AND HALF F I L L  THE FLASK WITH D I S T I L L E D  WATER. F I N A L L Y  ADD, 
FROM A P IPETTE RATHER SLOWLY AMD WITH SHAKING,  25  M I L L I ­
L ITER S OF NORMAL SULFURIC AC ID .  D ILUTE TO VOLUME, MIX 
THOROUGHLY, AND TRANSFER TO A CLEAN, T IGHTLY STOPPERED 
BOTTLE. T h i s  STOCK SOLUTION, c o n t a i n i n g  1 m i l l i g r a m  o f  
URIC ACID PER M I L L I L I T E R ,  SHOULD BE KEPT AWAY FROM L I G H T .
T o  PREPARE THE WORKING STANDARD, DILUTE 1 M I L L I L I T E R  OF 
THE STOCK SOLUTION,  WITH WATER ONLY, TO 2 5 0  M I L L I L I T E R S .
I T  BEHAVES EX AC TL Y L I K E  A L I T H I U M  CARBONATE S O L U T I O N  OF U R I C  
A C I D  AND KEEPS P E R F E C T L Y  FOR MANY D A Y S .  ( 5  M L .  =  0 . 0 2  MG.  
U R I C  A C I D . )
1 6 5
1 6 6
( 5 )  U r e a  -  F i f t y  g r a m s  u r e a  d i s s o l v e d  i n  s u f f i c i e n t  w a t e r  t o  
make  1 0 0  c c .  T he  s o l u t i o n  k e e p s  w e l l  a t  r o o m  t e m p e r a t u r e *
( 6 )  A r s e n o p h o s p h o t u n g s t i c  a r i p  -  One h u n d r e d  g m s .  o f  p u r e  s o d i u m  
t u n g s t a t e  a r e  p l a c e d  i n  a l i t e r  p y r e x  f l a s k  a n d  d i s s o l v e d
IN ABOUT 6 0 0  M I L L I L I T E R S  OF WATER. THEN 5 0  GRAMS OF PURE 
ARSENIC ACID  ( A S 2 0 r ) FOLLOWED BY 2 5  M I L L I L I T E R S  OF 85 PER  
CENT PHOSPHORIC AC^D AND 2 0  M I L L I L I T E R S  OF CONCENTRATED 
HYDROCHLORIC ACID A R E  ADDED. THE .MIXTURE IS BOILED FOR 
ABOUT 2 0  M IN UTES,  COOLED AMD D IL U T E D  TO 1 L I T E R .  IT  IS 
STABLE IN D E F IN A T E L Y .
( 7 )  S o d i um c y a n i d e . 12  p e r  c e n t .
( 8 )  X a n t h i n e . 0 . 0 5  m o l a r  -  D i s s o l v e  0 . 0 7 6 1  g r a m s  x a n t h i n e  i n  1 0
M I L L I L I T E R S  OF 0 . 0 5  NORMAL SODIUM HYDROXIDE.
( 9 )  M e t h y l e n e  B l u e . 0 . 0 1 1 3  M o l a r  -  D i s s o l v e  0 .4 . 2 1 5  g r a m  m e t h y l e n e  
BLUE IN 1 0 0  M I L L I L I T E R S  WATER.
( 1 0 )  !.i I c h a e l i s  U n i v e r s a l  B u f f e r ,  p H 7 . 4 2  -  A dd  9 . 7 1 4  g r a m s  o f
SODIUM ACETATE (CO NTAIN IN G 3 MOLECULES OF WATER OF HYDRATION) 
AND 1 4 . 7 1 4  GRAMS OF THE SODIUM SALT OF VERONAL ( B A R B I T A L )
TO S U F F I C I E N T  WATER TO DISSOLVE I T  AND MAKE UP TO 5 0 0
M I L L I L I T E R S .  To EACH 5 M I L L I L I T E R S  OF THIS SOLUTION IS
ADDED 2 M I L L I L I T E R S  OF AN 8 . 5  PER CENT SODIUM CHLORIDE
SOLUTION PLUS 5 M I L L I L I T E R S  OF 0 . 1  NORMAL HYDROCHLORIC ACID 
AND 13 M I L L I L I T E R S  OF WATER. T H I S  BUFFER IS ISOTONIC WITH 
BLOOD.
( 1 1 )  T r | CHLOROACETI C AC I D . 3 0  P E R  CENT.
PROCEDURE:
T h e  t i s s u e  was  ho m o g e n i z e d  w i t h  an  a p p r o p r i a t e  a m o u n t  o f  M i c h a e l i s 1
BUFFER,  pH 7 . 4 2 ,  TO G IV E  a 1 : 1 0  D IL U T IO N  OF THE T IS S U E .  A 2  M I L L I ­
L I T E R  ALIQUOT OF THE HOMOGENATE WAS TAKEN AND ADDED TO A 25  M I L L I L I T E R  
ERLENMEYER FLASK CONTAINING 4  M I L L I L I T E R S  OF THE BU FFE R TO WHICH HAD 
BEEN ADDED 0 . 1 5  M I L L I L I T E R  OF 0 . 0 1 1 3  MOLAR METHYLENE BLUD. THREE FLASKS
WERE TREATED IN THE ABOVE. THE FLASKS WERE THEN INCUBATED FOR 1 0
MINUTES AT 4 0 ° C  IN THE DUBNOFF METABOLIC SHAKING INCUBATOR. A t  THE END 
OF T H IS  PERIOD 1 M I L L I L I T E R  OF 3 0  PER CENT TRICHLOROACETIC ACID  WAS 
ADDED TO ONE OF THE FLASKS AND I T  WAS REMOVED FROM THE DUBNOFF. IMTO
A SECOND F L A S K  0 . 1  M I L L I L I T E R  OF . 0 5  MOLAR X A N T H I N E  WAS ADDED.
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At THE END O f AN a d d i t i o n a l  2 0  MINUTE i n c u b a t i o n  p e r i o d ,  1 m i l l i l i t e r  
OF 3 0  PER CENT TRICHLOROACETIC ACID WAS ADDED TO THE REMAINING TWO 
FLASKS. The  CONTENTS WERE SHAKEN TO INSURE COMPLETE M I X I N G ,  AND THE 
CONTENTS OF EACH OF THE THREE FLASKS WERE TRANSFERRED TO 13 M I L L I ­
L IT E R  CENTRIFUGE TUBES AND CENTRIFUGED FOR 15 MINUTES.  A 2  M I L L I L I T E R  
ALIQUOT OF THE SUPSRNATENT F L U I D  WAS THEN TAKEN (THE ALIQUOT FROM THE 
FLASK TO WHICH THE XANTHINE HAD BEEN ADDED WAS DILUTED 1 : 6  WITH WATER 
AND A 2 M I L L I L I T E R S  ALIQUOT OF THIS  D IL U T IO N  WAS TAKEN) AND TRANS­
FERRED TO A TEST TUBE GRADUATED AT 25  M I L L I L I T E R S .  To EACH TUBE WAS 
THEN ADDED 2  M I L L I L I T E R S  PORTIONS OF THE FOLLOWING: UREA SOLUTION.
SODIUM CYANIDE SOLUTION AMD ARSENO-PHOSPH0TUN3STIC AC ID .  THE TUBES 
WERE THEN DILUTED TO 25 M I L L I L I T E R S ,  MIXED THOROUGHLY AND ALLOWED TO 
STAND '5 0  MINUTES FOR THE COLOR TO DEVELOP. A BLANK TUBE WAS PREPARED 
ALONG WITH THE INCUBATED FLASKS; WITHOUT THE TISSUE HOMOGENATE.
T he  AMOUNT OF URIC ACID SYNTHESIZED WAS DETERMINED 8Y SUBTRACTING 
THE ” 1 0  +  2 0  MINUTE”  ENDOGENOUS URIC AC IQ FROM THAT AMOUNT OBTAINED 
FROM THE FLASK WHICH CONTAINED THE ADDED XANTHINE.
ALL READINGS WERE MADE AT 8 9 0  MU, SINCE IT WAS FOUND THAT METHYLENE 
BLUE DOES NOT INTERFERE AT THIS WAVELENGTH, AND THERE IS A PEAK IN 
THE A9S0RBENCE OF THE URIC ACID AT TH IS  P O IN T .
APPENDIX I I I
DETERMINATION OF ALKALINE PHOSPHATASE
Ap p a r a t u s  a n d  Re a g e n t s :
( 1 )  A l l  a b s o r b e n c e  m e a s u r e m e n t s  w e r e  made i n  1 . 0  c m . c e l l s  w i t h  
a Bechman D .  U.  S p e c t r o p h o t o m e t e r .
( 2 )  P o t t e r  -  El v e h j e m  t y p e  h o m o g e n i z e r .
( 3 )  DUBNQfr  M e t ABQLIC S H A K ING INCUBATOR.
( 4 )  0  I CHAEi. I s 1 U n i v e r s a l  Bu f f e r  pH 7 . 4 . 2 . -  D i s s o l v e  9 . 7 1 4  g r a m s
OF SODIUM ACETATE (CONTAINING 3 MOLECULES OF WATER OF 
HYDRATION)  AND 1 4 . 7 1 4  GRAMS OF THE SODIUM SALT OF VERONAL 
( b a r b i t a l )  IN WATER AND MADE UP TO 5 0 0  M I L L I L I T E R S .  To 
EACH 5 M I L L I L I T E R S  OF TH IS  SOLUTION IS ADDED 2 M I L L I L I T E R S  
OF AN 3 . 5  PER CENT SODIUM CHLORIDE SOLUTION PLUS 5 M I L L I ­
L IT E R S  OF 0 . 1  NORMAL HYDROCHLORIC ACID  AND 13  M I L L I L I T E R S  
OF WATER. T h i s  BUFFER IS  ISOTONIC WITH BLOOD.
( 5 )  M o l y b d a t e  i ! -  D i s s o l v e  25 g r a m s  o f  r e a g e n t - g r a d e  ammonium 
MOLYBDATE IN ABOUT 2 0 0  M I L L I L I T E R S  OF WATER. I n  A 1 ~ L I  TER 
VOLUMETRIC FLASK PLACE 3 0 0  M I L L I L I T E R S  OF 1 0  NORMAL SULFURIC 
A C ID .  ADD THE MOLYBDATE SOLUTION AND D IL UTE  W I T H  WASHINGS 
TO 1 L IT E R  WITH WATER AND M I X .  I t  IS  STABLE I N D E F I N I T E L Y .
( 6 )  Am i n o n a p t h q l s u l f o n i c  A c i p  Re a g e n t  -  P l a c e  195  m i l l i l i t e r s  of
15 PER CENT SODIUM B I S U L F I T E  SOLUTION I N  A GLASS STOPPERED 
CYL INDE R.  ADD 0 . 5  GRAM OF 1 ,  2 ,  4 - AM I NONAPTHOLSULFON I C A C ID ,  
THEN ADD 5 M I L L I L I T E R S  OF 2 0  PER CENT SODIUM S U L F I T E .  STOPPER 
AND SHAKE U N TIL  POWDER IS DISSOLVED.
( 7 )  A l k a l i n e  P h o s p h a t e  S u b s t r a t e  -  I n t o  a 1 0 0  m i l l i l i t e r s  v o l u ­
m e t r i c  FLASK INTRODUCE SUCCESSIVELY 3 M I L L I L I T E R S  OF PETRO­
LEUM ETHER, ABOUT 8 0  M I L L I L I T E R S  OF D I S T I L L E D  WATER, 0 . 5  
GRAM OF SODIUM B-GLYCEROPHOSPHATE, 0 . 4 2 4  GRAM OF SODIUM 
D IE THYL  BARBITURATE,  AND WATER TO VOLUME (READ AT INTER­
FACE BETWEEN PATROLEUM ETHER AND AQUEOUS S O L U T IO N ) .  KEEP 
IN THE REFRIGERATOR.
( 8 )  T r I C H L O R A C E T I C  Ac I D -  3 0  PER  CENT AND 5 P E R  G E N T .
S t a n d a r d  P h o s p h a t e  So l u t i o n  -  D i s s o l v e  e x a c t l y  0 . 3 5 1  g r a m  o f
PURE DRY M O N O P O T A S S I U M  P HO SP HA TE  IN  WATER AND T R AN SF ER  
Q U A N T I T A T I V E L Y  TO A 1 L I T E R  V O L U M E T R I C  F L A S K .  ADD 10  M I L L I ­
L I T E R S  OF 1 0  NORMAL S U L F U R I C  A C I D ,  D I L U T E  TO TH E MARK W I T H
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WATER, AND M I X .  T H IS  SOLUTION CONTAINS 0 .4-  M ILL  I SRAM 
PHOSPHORUS IN 5 M I L L I L I T E R S .  I t IS STABLE IN D E F I N I T E L Y .
F ro m  t h e  a bove  s o l u t i o n ,  p l a g e  6.25  m i l l i l i t e r s  i n  a 100
M I L L I L I T E R S  VOLUMETRIC FLASK. ADD 1 6 . 7  M I L L I L I T E R S  OF 30  
PER CENT TRICHLORACETIC ACID SOLUTION, DILUTE TO 100  
M I L L I L I T E R S  WITH WATER AND M I X .  TH IS  SOLUTION CONTAINS 0 .0 /+  
MILLIGRAM OF PHOSPHORUS IN 8 M I L L I L I T E R S  IN 5 PER CENT 
TRICHLORACETIC AC ID .
PROCEDURE:
The  t i s s u e  v/ as h o m o g e n i z e d  w i t h  an a p p r o p r i a t e  a m o un t  o f  M i c h a e l  i s  
b u f f e r ,  pH 7.4-2 , t o  g i v e  a 1 :1 0  d i l u t i o n  o f  t h e  o r i g i n a l  t i s s u e .  A
1 M I L L I L I T E R  ALIQUOT OF THE HOMOGENATE WAS THEN ADDED TO 9 M I L L I L I T E R S  
OF "A L K A L IN E  PHOSPHATE”  SUBSTRATE WHICH HAD BEEN MEASURED INTO TWO 
25 M I L L I L I T E R  ERLENMEYER FLASKS EQUIPPED WITH RUBBER STOPPERS. T H IS  
WAS ALLOWED TO INCUBATE IN THE DUBNOFF METABOLIC SHAKER FOR 15 MINUTES 
a t  4.0° C. The f l a s k s  w e r e  t h e n  r e m o v e d ,  c o o l e d  i n  i c e  w a t e r  f o r
SEVERAL MINUTES AND 2 M I L L I L I T E R S  OF 3 0  PER CENT TRICHLORACETIC ACID 
WAS ADDED. THE SOLUTIONS WERE MIXED,  TRANSFERRED TO CENTRIFUGE TUBES 
AND PLACED IN A CENTRIFUGE. BLANK VALUES WERE OBTAINED FROM WHICH 
SAMPLES WERE TREATED IN THE SAME MANNER EXCEPT THAY WERE NOT INCUBATED.
A f t e r  c e n t r i f u g i n g  a 2 m i l l i l i t e r  a l i q u o t  o f  t h e  s u p e r n a t e n t  was 
TAKEN AND ADDED TO A TEST TUBE GRADUATED AT 1 2 . 5  M I L L I L I T E R S .  To 
EACH TUBE WAS THEN ADDED 1 M I L L I L I T E R  OF MOLYBDATE I I  REAGENT AND THE 
CONTENTS THOROUGHLY MIXED.  TlHEN 0.4-  M I L L I L I T E R  OF AM I NON APTHOL- 
SULFONIC ACID REAGENT WAS ADDED TO EACH TUBE, DILUTED TO 1 2 . 5  M I L L I ­
L ITERS WITH WATER AND THE CONTENTS THOROUGHLY MIXED.  THEY WERE 
ALLOWED TO STAND FOR 5 MINUTES FOR COLOR DEVELOPMENT. A BLANK WAS 
PREPARED BY USING 8 M I L L I L I T E R S  OF 5 PER CENT TRICHLOROACETIC ACID 
AND ADDITIONS OF MOLYBDATE I I  AND ASM INOSULFONIC ACID REAGENT.
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T h e  p h o s p h a t a s e  a c t i v i t y  wa s  c a l c u l a t e d  as  t h e  d i f f e r e n c e  b e t w e e n
THE INORGANIC PHOSPHATE CONTENT OF THE INCUBATED AND UN INCUBATED 
SAMPLES AND EXPRESSED AS MILLIGR AMS OF PHOSPHORUS PER GRAM OF ANIMAL 
TISSUE (WET WEIGHT B A S I S ) .  ALL PHOTOMETER READINGS WERE MADE AT 
6 6 0  MU.
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